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, Welcome 


Lain 


Were retuming 
to Pluto - and 
this time wee 
m looking to stay. 
Se That's the latest 
E news from 
NASA as it looks to develop the very 
first spacecraft that’s set to park itself 
into a loop around the dwanrt planet, 
sometime beyond the 2020s. 

It comes 
Horizons, which hurtled past Pluto 
at a speed of 58,500 kilometres 
(36 400 ee per hour while busily 

away, revealing one side of 
ia di wait planet like never before. 

On 14 July 2015 the astronomical 
community truly had the dwarf 
planet in its crosshairs. We're now 
intent on a return that'll make its 
terrain as familiar as that of Mars, 
the only other planet in the Solar 
System - bar Earth 
with spacecraft. Of course, we know 
how to get to Pluto - but what'll be 


after the success of New 


: Keep up to date 


that's swarming 


involved in swinging into orbit? New 
Horizons principal investigator Alan 
Stern reveals a lot of propellant is 
needed to afford us the opportunity 
to study the planet's moons, 
atmosphere, solar wind interactions 
and other aspects of the planetary 
system up close. Turn to page 16 for 
A a verview of the Pluto Orbiter. 
Were well into the darker evenings, 

with many of us dusting 
telescopes to spend the majority of 
our waking hours under the stars. 
From astronomer Stuart Atkinson's 
planet, moon, naked-eye and deep- 
sky tours to Mark Thompson's advice 
on solving your kit woes, we've got 
everything you need to make the 
most of your hobby. 
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Colin Stuart 


Space scence writer 
Colin reveals everything 
yOu need bORNOW f 
about che 

and how it ee aC, 
the workings of the 
universe, the Earth 

and everyday life. 


Chris Lintott 
Astrophysicist 
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scientific research? Chris 


reveals how you don't 
needa qualification in 
space science to play 
an important part wath 
citizen science. 
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Ice fossils provide an insight 
into our early Solar System 


Lee Cavendish 
StafT vi TTP] ir 

Your ride into 

starts here! Join fen 


as Ne travels the 


world to reveal tuture 
spaceports, the craft 
you'll be taking off in and 
what you'll experience. 


Mark Thompson 

Astronomer 

What's wrone with ny 

telescope? Mark takes 

Our reader's queries 

on how to resalye the 
biggest observing woes 
o get you back up and 
running again. 
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Return to Pluto 


The brains behind the successful 
New Horizons flyby are now 
planning for a closer look 


Ice fossils 
reveal clues 

to our past 

An ancient space rock has 
uncovered a surprising amount 
about the early Solar System 


Chris Lintott 

The astronomer reveals haw 

you can get involved in real-life 
research - without the need for a 
science degree! 


Albert Einstein 
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Step back in time to when some 
of the ee minds unlocked 


= 
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Early 2020 will see the launch 
of an ambitious mission to study 
the solar poles for the first time 
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“Citizen science is as simple 
as the idea that anyone can 
do science” 


_—_ 26 Chris Lintott 
3 Oxford University 


Your complete guide to the night sky 
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Month's planets 
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Moon tour 

Finding this lunar crater won't 
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Naked eye & 
binocular targets 
Glittering star clusters, misty 
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Alien planet spotted around 


a white dwarf 


or the first ime ever, astronomers 
have spotted evidence of 
an exoplanet circling a superdense 
stellar corpse known as a white dwarf, 
a new study reports. The vast majority of stars 
in the Milky Way galaxy, including our own Sun, 
will end up as white dwarfs. When these stars finish 
burning their nuclear fuel, they'll first bloat up as 
enormous red giants, then eventually collapse down 
into white dwarfs, which pack about one solar mass 
into a sphere the size of Earth. 
Lead scientist Boris Gaensicke from the 
University of Warwick and his colleagues studied 
a white dwarf called WDJO914+1914, which lies 
about 2,040 light years from Earth. In data gathered 
by the Sloan Digital Sky 
detected emissions of hydrogen, sulphur and 


survey, the researchers 


oxygen coming from WDJO914+1914. 
That's an odd combination of gasé 
dwarf system, so the team trained the European 


es for a white- 


southern Observatory’s Very Large Telescope (VLT) 
in Chile on WDJO914+1914. The VLT observations 
confirmed the presence of all three elements, and 
suggested that the emissions are coming from a 
ring of gas around the white dwart. 

“At first we thought that this was a binary star 
with an accretion disc formed from mass flowing 


a cosmic first 


between the two stars,” Gaensicke said. “However, 
our observations show that it is a single white dwarf 
with a disc around it roughly ten times the size 

of our Sun made solely of hydrogen, oxygen and 
sulphur. Such a system has never been seen before, 
and it was immediately clear to me that this was a 
unique star.” 

The composition of this disc 1s similar to that of 
our Solar System's ice giants, Neptune and Uranus, 
the researchers said. It seems that a Neptune- 
like world - one about four-times wider than 
WDJO914+1914 itself - is circling the white dwarf 
once every ten Earth days. 

But this planet's days appear to be numbered. 
Calculations performed by the team indicate that 
the white dwarf, which has a surface temperature 
around 28,000 degrees Celsius (50,400 degrees 
Fahrenheit), is evaporating the alien Neptune at a 
prodigious rate - about 3,300 tonnes (3,640 imperial 
tons) per second. 


The unique 
planet is 
slowing being 
deteriorated by 
its dead host 


Right: An 
accidental 
bubble 
discovery 

may unlock 
some of Titan's 
mysteries 


“Such a system has never been 
seen before, and it was clear that 
this was a unique Star” Boris Gaensicke 





Weird physics of Enceladus’ 
‘tiger stripes’ explained 


Words by Chelsea Gohd 


New research solves some of the mystenes of 
the ‘tiger stripes’ on Saturn's moon Enceladus. 
The moon has been of particular interest to 
scientists ever since it was observed in detail by 
NASA's Cassini spacecraft. With Cassini's data, 
scientists detected an icy subsurface ocean on the 
moon and strange tiger-stripe markings on the 
moon's south pole that are unlike anything else 
in the Solar System. Icy material from Enceladus’ 
ocean spews into space through these stripes, or 
fissures, in the moon's surface. 

"First seen by the Cassini mission to Saturn, 
these stripes are like nothing else known in our 
Solar System,” lead scientist Doug Hemingway 
sald in an statement. “They are parallel and evenly 
spaced, about 130 kilometres [80./ miles] long and 
35 kilometres [21.7 miles] apart. What makes them 
especially interesting 1s that they are continually 
erupting with water ice, even as we speak. No 
other icy planets or moons have anything quite 
like them.” 


tiger stripes 
were one of 
Cassini's many 
unusual finds 
as it orbited 
Saturn 


The moon isn't frozen solid, as gravitational 
changes caused by its eccentric orbit around Saturn 
stretch it out slightly. This deformed shape causes 
the ice sheets at the poles to be thinner and more 
susceptible to splitting open, the researchers found, 
This led them to conclude that the fissures that 
make up these tiger stripes could have formed on 
the moon's north pole just as well as the south pole, 
but the south pole just cracked first. 


Lakes may bubble up into ‘magic islands’ 
ON Saturn's Titan words vy meghan Bartels 


Champagne is supposed to be bubbly. So is a 
foaming bath. But a mixture designed to mimic the 
frigid lakes on an alien moon? That's a little more 
surprising. Especially when those bubbles come out 
of nowhere and explode, But that’s what Kendra 


i 


Farnsworth and her colleagues found during a set of 


experiments designed to help the team understand 
how compounds like those found on Titan interact. 
The accidental bubble discovery could help explain 
one of the mysteries spotted by NASA‘s Cassini 
mission - ‘Magic islands, bright patches on radar 
images that suddenly disappeared. 
“At the beginning, it wasn't the main goal of 
the study, but it was one of those really surprising 
results,” Farnsworth, a doctoral student in planetary 
science at the University of Arkansas, said. “Bubbles 
had been predicted on Titan, but nobody had 
actually seen them or created them in a laboratory.’ 
In the experiment where the bubbles first 
appeared, Farnsworth had set out to measure how 
much nitrogen gas would dissolve in different 
mixtures of liquid methane and ethane, the organic 
compounds that make up Titan's strangely Earth- 
like system of rainfall, lakes and seas. As she 
warmed up these ponds, Farnsworth noticed 
small bubbles would snake to the surface. But 
the real surprise came in a different experiment, 


Farnsworth said, one based on slowly adding 
liquid ethane into liquid methane at Titan's 
surface temperature. 

Particularly interesting was the slightly warmer 
scenario meant to mimic modern Titan. In these 
experiments, the tearm found, two factors had to 
change simultaneously: the temperature of the 
liquid and the relative proportion of methane and 
ethane, The combination of changes takes the 
mixture from stillness to a spurt of bubbles. “There's 


nothing and they explode,” Farnsworth said. 
“They're more violent than we ever expected.” 
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Eruptions on asteroid Bennu hint at 


causes of space rock explosions Words by Charles 0 Choi 


For the first time, astronomers have gotten an 
up-close view of eruptions from an asteroid, 


shedding light on what might drive such explosions. 


The findings suggest that many asteroids may be 
similarly active and reveal that rocks blasting off 
asteroids may be a new way for meteorites to reach 
Earth, the scientists wrote in a new study, 

Previous research found that a small number of 
asteroids could actively erupt with large amounts 
of dust and bits of rock. Much remains unknown 
about what drives such outbursts in active asteroids. 
Now, scientists have captured images of eruptions 
from the near-Earth asteroid Bennu. “This is the 
first View of an active asteroid this close up," Harold 
Connolly, a sample scientist for the OSIRIS-REx 
mission, told space.com, Scientists chose to send 
OSIRIS-REXx to Bennu because the space rock looks 
similar to known active asteroids. But they hadn't 
seen any eruptions from Bennu until now. 





The researchers spotted three large eruptions 
from Bennu in January and February of this year, 
each ejecting a maximum of 200 chunks up to 


ten-centimetres (four-inches) across at top speeds ol 


detected eight smaller eruptions that ejected about 
20 or fewer bits of asteroid. 

The scientists also discovered six chunks of rock 
around Bennu that they suggested were ejected 
during eruptions and stayed gravitationally bound 
to the asteroid. Some ultimately escaped into 
interplanetary space, and the others eventually fell 
back to Bennu's surface. 

These findings suggest that all carbonaceous 
asteroids may be active, Future research can 
look for more eruptions from Bennu, Connolly 
said. Scientists can also search the asteroids for 
craters that might have originated as sites of either 


eruptions or impacts of erupted material, he added. 








Words by Meghan Bartels 


scientists and amateurs alike have spent months 
combing through images from NASA's Lunar 
Reconnaissance Orbiter looking for the remains of 
India’s moon lander - and that search has paid off. 

On 2 December, the team that runs the Lunar 
Reconnaissance Orbiter Camera (LROW) instrument 
released images taken on 11 November that show 
how the spacecraft has changed the surface of the 
moon. Imaging experts have spotted extensive 
evidence of the crash, including both debris from 
the craft and places where the collision seems to 
have stirred up the Moon's regolith. 

According to a NASA statement, the largest 
pieces of debns are each about 15 metres (4.5 
metres) across. The Vikram lander measured 2.5 
metres (8.3 feet) in its longest dimension, according 
to materials released by India’s space agency before 
the landing attempt. 


NASA spots crash site and 
debris of India’s lost lander 
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SPACE: 


ISS to host 
new Al robot 


Words by Mike Wall 
The astronaut assistant 
eee ese ee me LO een bs 
VED ia ise Cem a et=mela niet eres 
lab aboard SpaceX’s Dragon 
cargo capsule, which lifted 
off 5 December from Cape 
Canaveral in Florida. 
CIMON 2 is following in 
Wi em ele] n ee) meee nal 
Ee el oe aah 
tala eR eee teeta) ed eee 
reached the ISS in 2018. 


Abane: Lunes CIMON 2 features some 
explosions maine 
may be significant upgrades over its 
caused by tates mt ae cae 
temperature technology demonstration 
changes on , | 

ae designed to show how 


humans and robots can 
collaborate in the space 
environment. For example, 
the newer robot has been 
updated with the “Watson 
saat el eceem iy 
Celica ean an er LO en 
ability to assess and react to 
astronauts’ emotions. 

"With this update, CIMON 
PPCM OSD erc} CONT See) es 
scientific assistant to an 


empathetic conversational 


partner,” IBM representatives 
wrote ina Statement. 
“Specifically, CIMON 2 has 
more sensitive microphones 
and an advanced sense 

of orientation. These Al 
capabilities and the stability 
of the complex software 
applications have also been 


Left: The crash significantly improved in the 
me Sas new CIMON 2.” 
Vikram r, , 

. S)imeeealt “hae ek - 
part of the CIMON 2 could help lay the 
Chandrayaan-2 foundations for a powerful 
mission, has DeSean 
been identified humanity and machine in the 
by the Lunar 


Remsciawe final frontier. 
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f you had dedicated 26 years of your 

life to sending the first-ever spacecraft 
to Pluto 
mission succeed in shedding new 


and if you had seen that 


scientific light on this far-flung planetary system, 


what would you do next? 

Bask in the glory or make plans to go back? For 
Alan Stern, the principal investigator of the New 
Horizons mission, it was a no-brainer. “We rewrote 
the textbooks in the case of Pluto. In fact, I think 
we wrote the textbooks from scratch,” he tells All 
About Space. And there is no doubt in his mind 
that planetary science needs to return. 

At the end of October 2019, it was revealed that 
such a plan is being formulated. NASA is funding 
a study by the Southwest Research Institute into 
the feasibility, attributes and cost of sending an 
orbiter to Pluto and its system of moons, with Dr 
Carly Howett, assistant director in the department 
of space studies at the Southwest Research Institute 
in Boulder, Colorado, heading a team that is looking 
into the development and design of the spacecraft 
and its payload. 

The idea 1s that the orbiter will analyse Pluto's 
system in far greater depth. “We're looking to bring 
back the same type of instrumentation that New 
Horizons had, but to do a more thorough job," Stern 
explains. “A first flyby was the appropriate thing to 
do with Pluto, but we have many questions about 
its geological activity and the ways in which the 
planet has evolved over time. There's a very wide 
range of scientific topics, and that will make a 
second mission so strong.” 

In order to even get off the ground, the 
Southwest Research Institute will need to be 
persuasive. The scientists need to make it into the 
next Planetary Science Decadal Survey, which is 
being prepared later this year. This publication 
reflects the wishes of the scientific community, and 


it’s an important step in getting the nod - and a 


budget - for the mission itself. “It’s just a question of 
whether this is the meht mission to get to the top of 
that survey,” Stern says. 

If it does gain approval, it would continue Stern's 
career-long obsession with Pluto. In 1989, the same 
year he received his doctorate, he helped to set up 
a group called Pluto Underground with the aim of 
discovering more about the Solar System's farthest 
known planet. Frustrated that NASA's Voyager 
mission launched in 1977 had intended to visit 
Pluto but ended up leaving it unexplored, he dearly 
hoped to be able to one day shed light on the planet 
discovered in 1930 by Clyde Tombaugh. 

There were certainly no plans to send a 
spacecraft to Pluto at that time. But the Flutophiles 

as Stern has called them - were a determined 
bunch. A number of them met in an Italian 


restaurant in Baltimore to discuss a potential plan, 
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Just what is this far-flung celestial 


body actually made up of? 
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and within a year a proposal called Pluto 350 
emerged that was deemed light in terms of both 
welght and the potential money needed. 

One thing's for sure, it wasn't an easy path to 
success. ‘The following year, as Pluto 350 began to 
feel sidelined, a plan to use the Mariner Mark I 
concept of one spacecraft to fit multiple missions 
was explored and abandoned. A subsequent idea 
to send a lightweight spacecraft carrying just two 
scientific instruments was also considered, but 
this scheme - called the Pluto Fast Flyby that then 
morphed into the Pluto Express - only proved to be 
steps to what became New Horizons. 

Throughout that time, the Plutophiles had sought 


support for a mission. They had recommended 


supporters to sit on advisory committees that would 


advise NASA about planetary mission priorities, 
written many letters to colleagues and published 
papers that promoted the scientific benefit of going 
to Pluto. But budgets, differing priorities and even 
White House involvement proved as tricky to 
navigate as space itself. Indeed, when New Horizons 
was officially selected for funding in November 


2001, the new NASA administrator Sean O'Keefe 
didn't go on to include it in the budget for 2003. 


Thankfully it appeared in the Planetary Science 


Decadal Survey, and funding was finally given. 

That allowed the New Horizons team just four 
years to design, build and test the spacecraft that 
would end up being launched in 2006, It was vital 
that the mission was ready at that point because 
the window would allow Jupiter to be used for a 
eTavity assist, and Stern’s team was relieved that it 
eot off the ground in time. 

Even then, it wasn't entirely smooth. Hearts were 
in mouths when on 4 July 2015, contact was lost 
with the New Horizons spacecraft when it was just 
ten days away from Pluto, Although it did finally 
reconnect, all of the computer files needed to be 
re-uploaded in rapid time - something that would 
normally take weeks. But then, on 14 July, New 
Horizons performed the first-ever flyby of Pluto, 
getting within 12,500 kilometres (7770 miles) of the 
surface and giving the world its first close-up look. 

The discoveries were spectacular, revealing 
a variety of terrain and surface ages as well as 


“Pluto is so compelling that we should 
go back with an orbiter like we did with 
Cassini for Saturn” aian stern 
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suspected ice Volcanoes, vast nitrogen glaciers, 
evidence of a possible liquid water ocean inside 
and data that pointed to higher surface pressures 
in the past. Organic compounds were also evident, 
and there were startling finds regarding Pluto's 
moons, including the reflective surface of the 
largest, Charon, 

But a5 more and more discoveries continued 
to be made, they raised ever more questions, 
prompting a push to return for a more in-depth 
study. “One of the philosophies since the 
exploration by New Horizons is that Pluto is so 
compelling that we should go back with an orbiter 
like we did with Cassini for Saturn or Galileo for 
Jupiter,” says Stern. “That's a vertical, very deep 
approach, and it has been a conversation that we've 
been having for four years.” 

There is a general consensus among scientists 
that revisiting that part of the outer Solar System 
would be desirable, yet there is a debate over 
whether the focus should be entirely on Pluto. 
California Institute of Technology astronomer Mike 
Brown says further studies should be widespread. 
"Pluto is a fascinating place, and there are many 
things we would still like to know about it,” he tells 
All About Space. “But to me, what is interesting 
about the outer Solar System and the Kuiper belt is 
the diversity of bodies out there beyond Neptune.” 

Brown is well known. He calls himself the 
‘Pluto Killer’ since he was instrumental in the 
International Astronomical Union's decision to 
demote the celestial body from planet to dwarf 
planet status in 2006. It's interesting to note that 
current NASA administrator Jim Bridenstine has 
repeatedly affirmed in recent months that Pluto 
is a planet, effectively siding with Stern in the 
ongoing sideline debate, In Brown's eyes, however, it 
shouldn't get special attention. 

“There is Haumea, which is an oval-shaped rocky 
body covered in a thin layer of ice spinning every 
four hours with two moons and a ring,” he says. 
“Thete is Makemake, covered in what looks like 
slabs of methane ice so thick you could ice skate 
on them, and there is Quaoar, which looks to be a 
weird transition-type object a little hke Pluto and a 
little like Charon. The list goes on. 


"‘T understand the feeling of wanting to go back 
somewhere where there were so many interesting 
things, but rather than filling in the details on Pluto 
it makes much more sense to continue the basic 
exploration of the entire region.” 

As things stand, Stern 1s entirely on board with 
such concerns, “There is an opposing philosophy 
that we should sample the diversity of objects in 
the Kuiper belt, big and small, rather than return to 
Pluto,” he says. “But we have made a breakthrough 
in this regard. My institution spent close to 
$500,000 on funding a major study into the 
development of a Pluto orbiter, and we found that 
it is actually possible to orbit the planet, use gravity 
assists from its largest satellite Charon, skate the 
system and then go back to the Kuiper belt. 

"It means the proposed mission is removing 
any debate over whether we go broad or go deep. 
We can do both with a single launch of a single 
Spacecraft mission and cover both Pluto and other 
Kuiper belt objects. It is something we are calling 
the Gold Standard, and it’s really exciting because 
we don't have these two warring factions. We do it 
all and at a much lower cost than carrying out both 
missions individually 

Stern says the combined mission would 
metely mean a longer operation phase, since the 
same launch vehicle and flight to Pluto would be 
involved, It also adds just 20 per cent to the cost of 


a follow-up solitary Pluto mission. “Imagine 
those two-for-one deals,” Stern says. “This is two 
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Mapped out 


Only 40 per cent of Pluto has been mapped, but it 
shows some distinctive regions 
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New Horizons to do a more through job of mapping 
every object and watching for variability. We know 
Pluto's atmosphere is changing, and we'll be able to 
gather accurate data." 

He also says New Horizons discovered that 
Sputnik Planitia, a high-albedo ice-covered basin on 
Flute, is convecting, and that there are avalanches 
and cryo volcanoes. “We want to add new types 
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other ice deposits,” he continues. 





Re Pluto 


Breakthrough discoveries 
What has New Horizons already told scientists about Pluto and the 
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map the surface at very high accuracy to gather 
geological topography data. Thermal mappers can 
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eeclogy and the atmosphere in the year 2015 to the 
data when the orbiter arrives in the 2030s, 2040s 
or whenever.” 

Certainly, the mission is not about to be sending 
information back imminently. The findings of the 
Planetary Science Decadal Survey are expected in 
2022, which would allow for a launch no sooner 
than December 2028. On that timescale there 
would be a gravity-assist flyby of Jupiter in October 
4030 and a braking into Pluto's orbit in 2046 - a 
process that will take 13 years. 

stern says it could be sped up if nuclear systems 
can be used to increase the braking thrust so that 
it slows faster. “The orbiter has to stop and not just 


fly by, so it will carry a lot more fuel and a different 
type of propellant that is much more efficient,” he 
continues. “Tt would use a Saturn V-class launch 
vehicle and a nuclear électric stage augmented by a 
chemical propulsion braking system.” 


As well as more instrumentation, higher 
communication rates are needed too. “With 
New Honzons we intentionally sacrificed 
communications bitrates to save money, and it 
allowed it to be affordable. But even in the 
1970s-era Voyager missions there were ten-times 
higher data rates at the same distance, and today 
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A new mission to Pluto 
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we could do faster still - maybe 50 or LOO-times as more than I'm sure there is room for on the 

fast as New Horizons. next spacecraft, but there's only a certain amount 
“When New Horizons swept by Pluto, it took 16 of money.” 

months to get all the data back. But with 50 or 160 He is definitely convinced of the merit of a 

times the transmission power, we will be able to second stab at covering that particular area of 


empty the data recorders every week and do so the universe, though. “Pluto and the Kuiper belt 





again and again over many years. This won't require can stand on their own two feet, and they are 

a technological breakthrough because it was done enormously scientifically attractive, rivalling many 

in those Stone Age 1970s." other kinds of enterprises in planetary exploration,” 

Even so, what is perhaps most daunting is he says. 

that to pet the mission off the ground, the "Tm ready to help make that next stage happen 

team will still have to do some persuading and and use the mission to discover what's on the other 

keep within budget. “But that’s just the way life side of Pluto, find out more about the small satellites 
s, ole on the other side of Charon and answer questions 


In bed every morning but I'm not going to get it, about geologic activity and the way Pluto has 


just as we wont get everything we want in every evolved over time. Yet [ can't predict discoveries. 


mission, We do have many ideas, and there are Only the universe will tell us what is out there,” 
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like tiny “fluffy aggregates of silicate grains covered 
with an HzO icy mantle,” said Matsumoto, 
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“In the early Solar System, swirling dust, 
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Citizen science is the backbone of astronomical discoveries. Professor Chris 
Lintott speaks to All About Space about his popular project, the Zooniverse, 
and how it’s continuing the tradition with great success 


Interviewed by Lee Cavendish 








How would you explain ‘citizen science’ to 
someone that isn't aware of tt? 
think to astronomers in some sense it’s old news, 
because astronomers - of all stripes - have been 
contributing to science for centuries. You can go 
right the way back to the first studies of variable 
stars, or the people who kept an eye on storms 
on Jupiter in the 19th century, and you discover 
that there were plenty of people who were well 
resourced and had telescopes in their backyard. 

| remember growing up, realising that I was sort 
of getting interested in astronomy at the time and 
that amateur [astronomers] were getting serious 
about supernova hunting. People like Tom Boles 
and Mark Armstrong were discovering the first 
British supernovae. Citizen science is as simple 
as the idea that anyone can do science, whereas 
what has happened now is that we all have 
access to large data sets produced by professional 
astronomers and professionalised observatories. We 
need help sorting through the data, and that's really 
the new thing that's happened in the last few years. 
We've got professionals who have got so good at 
collecting data that they are overwhelmed - that’s 
where we need help. 


A chapter in your book talks about the history 
of crowdsourcing. Do you think it's evolved 
since the days of Edmond Halley crowdsourcing 
observation of a solar eclipse in 1715, or do you 
think it's been as strong as it ever was? 

There's some evidence in the 20th century where 
science becomes professionalised, Towards the 
end of the 19th century, people started getting 
paid to be astronomers for the first time. I think 

in the 20th century, cutting-edge science was a 

bit more - not entirely, of course - but was a bit 
more centralised towards professionals. In the 21st 
century, because we built these communication and 
digital technologies, we're back to the point where 
everyone could communicate. I think it's an old 
idea, but with a very 21st-century spin on it. 


A term you use a lot in the book is ‘proper 
science’. How would you define proper science? 
What I'm trying to say is that anything that 
contributes is proper science. I think we're very 


bad at teaching what science is actually like. I think 
people have this idea of proper science which 
probably involves somebody in a lab coat, probably 
with some purple, bubbling liquid. Or maybe it's 

a professor in front of a blackboard with some 
chalk and the word ‘eureka’. But the people who 
build cameras for observatories are doing science. 
The people who literally grease the wheels of the 
telescopes are doing science. The people who are 
online in the Zooniverse projects and looking at the 
data for the first time are doing science. 

Part of it 1s that science is this great collective 
effort, and a lot of us can play a part in it. We don't 
have to be the person with the bubbling liquid or 
the person solving the equations to be a scientist. 

I also think there's a promise in that when we ask 
people to look at galaxies on Galaxy 400 or to look 
for planets on Planet Hunters, or whatever it 1s, | 
think there's a guarantee that from us, we're going 
to use those results. 


Could you tell us a bit about the variety of the 
projects that are on the Zooniverse website? 
I usually describe myself as the world's most 


interested in 
how galaxies 
form and 

his PhD thesis 
the early 
stages of star 
formation 


tott 
believes that 
astronomy 
and ecology 
have 
similarities, 
galaNies as 


an example 


distracted astronomer. We didn't set out to do 

this deliberately. We were just trying to solve an 
astronomy problem. But it turns out that we're 

not the only ones who have had this problem of 
creating too much data. Pretty much as soon as 
we launched the project, we started to get other 
people approaching us. Now we've done all sorts of 
things, from working with amazing microscopes to 
historical texts and other things. 

[ think my favourites, or at least the area that 1s 
instinctively interesting, are the ecology projects. 
Ecology is fascinating, partly because the science 
is interesting, but I hadn't really realised it's a bit 
like astronomy in that it's a sclence where it’s hard 
to do experiments. If 1 want to understand how 
Palaxies merge, | can simulate them on a computer, 
but I can't really crash Andromeda and Triangulum 
together tomorrow and see what happens - 
probably just as well. [f | want to understand 
cheetah’s behaviour, yes, | can simulate them on a 
computer, but I'm not allowed to put a cheetah in a 
park with seven antelope and see what happens. 

50 you've got the same sort of problem. You've 
pot a set of information that you've observed. There 
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“Part of it is that science is this great 
collective effort, and a lot of us can play 


a part in it” 


Source: Wikipedia Commons © Ilan Shimony 
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are all sorts of biases and so on, and the scientific 
trick is to make use of that information. 


When you look back over the last decade or so 
since Galaxy Zoo's inception, what have been 
some major milestones in the project? 

Day one of Galaxy Zoo was the most surprising day 
of my life. We thought we were launching a tiny 
project that afew thousand amateur astronomers 
might help us with. I just remember sitting looking 
at the email inbox and realising that in the first 
half an hour of a project, we had got 20,000 
emails. Now, most of those emails said ‘your site 
isn't working’ because it was buckling under the 
pressure, so day one was very important. 

Getting the first Galaxy Zoo paper accepted was 
a big deal, because we had this idea that this had 
to be real science - it had to be authentic science. 

I had a quarter of a million collaborators whom I 
promised we would make use of this data, so being 
able to see other astronomers take on that data and 
use it Was good. 

I think the moment I really realised that this 
wasn't going to be a flash in the pan was when 
Planet Hunters launched. I have a long track recorel 
of being wrong about many things. This was one of 
the things I was wrong about. I remember sending 


an email to the team saying that I was not sure 

we should be launching this project. I'm not sure 
that we're going to find anything, But I'd talked 
myself into launching it because if we fail, we'll 
learn something about what we can and can't do. 
Then pretty quickly after launch we had a couple of 
candidate exoplanets, and Planet Hunters is still an 
ENoOTMOUs SUCCESS, 

Just as a personal high point, the projects we 
did with Stargazing Live where we set ourselves 
the challenge of producing results in two days. I 
don't know how it comes across on camera. Dara 
[O’Briain] and Brian [Cox] are great fun, and it has 
been good to do those things. But I dicin't sleep for 
those two days. 


What are the advantages of having citizen 
scientists over using artificial intelligence? 
There are a few. One of them is that there are 
still many places where humans are better than 
computers. I just had a call with my PhD student 
Mike Walmsley, who's brielly in the book and who's 
our artificial-intelligence expert. We were arguing 
about why humans are better at finding bars in 
spiral galaxies than his machine. And one of the 
reasons is that our visual system is very good at 
taking in information on different scales at once. 
Another answer is that people are distractible, 
which is sort of the theme of the book, I guess, 
that people can be distracted by the unusual and 
the unexpected. Lots of the great discoveries have 
come fram when people have found things that 
they weren't expecting, or that we didn't ask them 
to look for. And that goes all the way back to Galaxy 
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200, but it's still happening today. The ability to 
be doing one task, and then go “hang on. There's 
something weird here” is very natural and very 
human. It's actually something that volunteers are 
better at than experts. Experts have a hard-coded 
understanding of what they should be looking at. 


Do you think artificial intelligence will ever get 
to a point where it is up to that standard? 

I think that’s an open question. My flippant answer 
is that I've spent ten years with machine learning 
people telling me that if they had an afternoon, they 
could solve these problems. And it always turns out 
they can get 80 per cent of the way there. What 
were really finding though is that because the data 
sets keep growing, a combination of human and 
machine 1s really powerful. 

For many of the problems that we're dealing with, 
as the data sets get larger and larger, we definitely 
need machine learning to do most of the work for 
us. There's no way were going to cope with the 
Information that's coming from future telescopes 
without machines doing the bulk of the work. But, 
if you take humans and put them tn the loop, not 
only do you get a better result by combining them, 
your machine can also do better. My bet is that we 
are going to have hybrid systems. 


A telescope you mention towards the end of the 
book is the Large Synoptic Survey Telescope 
(LSST), which is going to produce ndiculous 
amounts of data in just a single night. Do you 
have plans to collaborate and use this data for 
citizen science projects? 

The LSST is an amazing project. I've been involved 
with it for most of the time I've been doing 
Zooniverse, and it's the first observatory that's 
plannine, from the start, to have citizen science. 
For astronomers using LSST data it will be really 
simple for them to connect to Zooniverse and talk 
to our volunteers, 

There is an army of postdocs around the world 
building routines for their special subject, so if 
you study Type I supernovae and you write good 
code, you will be able to get the LSST to give you 
more Type Il supernovae than you've ever dreamed 
of. And that's cool, The problem is if you want to 
be surprised, 

We have citizen science in the loop. We will 
take the weirdest stuff that the machine doesn't 
understand and we will pass those to people. 
There's some urgency, because one of the things 
that’s happening in astronomy is we're realising 
things in the sky change faster than we expect, 

| think we're ready, We've got a solution. And 
then I think the task will be to be as flexible as 
possible, | haven't, for example, tried to bet on 
which specific science cases will need citizen 
science in five years time with the LSST, I'm just 
pretty sure there will be some. 


In the book you talk about how astute you are 
in assessing your contributors, and especially 
with the Space Warps project. How much effort 
goes into ensuring that valuable data is 
assessed correctly? 

It's a big effort, actually. I don't quite like thinking 


about the Zooniverse like this, because it sounds 
a little callous, but one way of testing what we're 
doing with the Zooniverse is to think of it as a 
black box. 

The Zooniverse is a black box that analyses 
astronomical images. And if | brought that black 
box and handed it to my colleagues and said "this 
will solve all your problems,” they would spend six 
to nine months testing it to make sure it did what 
they expected and so on. We have to do the same 
with the Zooniverse, even though the box contains 
1.6 million people. It's the same sort of tasks that we 
have to do when we are building a new machine 
learning algorithm and so on. 

It's fascinating. We've looked at all sorts of things. 
At one point we looked at whether there was a 
time of day, or time of the week, that people were 
better at classifying. I was slighthy worried that it 
would come out that people were great at 1lpm on 
a Friday, after a few beers. It turned out that it was 
pretty flat, 

The truth is that for most of our projects, 
most people are pretty good or become pretty 
good with experience. That's useful, and we test 
that. Partly we're doing it to make sure that we're 
living up to this promise that people really are 
making a useful contribution. 
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What are your thoughts on making, for example 
Planet Hunters, into a game interface to try and 
make it more interactive? 

I think that it's an interesting route. There are 
people who've done this, but not particularly in 
astronomy. But my sense 1s partly fear. Writing a 
pood computer game 1s really hard. I'd say writing 
a good game that also happens to find planets is 
really, really, really hard, so partly we've avoided 
it for that. Also we found that people take part in 
these projects because they want to help. ‘That 
was the big surprise early on. When we tried this 
sort of thing, we found that people changed how 
they talked about the project. Instead, when you 
don't make it a game, and specifically when you 
don't make it a competition, people talk about the 
project as something joyful and inspiring. Then the 
moment you make it a competition, they talk about 
it as if it's work, It becomes stressful. “I had to log on 
this morning” as opposed to *] was excited to” 

Games are really powerful. As a species, we like 
playing games and competitions. I try and keep the 
two a bit separate and make sure that people know 
that they're doing science. We're not seriously sitting 
in ranks all during our science work, but there is a 
seriousness of purpose there that I think is really, 
really important, 


CHRIS LINTOTT ” 
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The great Italian astronomer and physicist Galileo 
inherited his interest in science from his musical 
father. Vincenzo Galilei specialised in the lute, a 
distant relative of modern guitars, and was also a 
musical theorist who used experimentation and 
mathematics to identify a new law that correctly 
described the relationship between the tension 
on a string and its musical pitch. Vincenzo's 
discoveries helped to inspire his son’s mathematical 
approach to problems of ‘natural philosophy’ and 
foreshadowed Galileo's own struggles to overtum 
outdated views of the world. 

At age 17, Galileo became a student in the 
University at Pisa, training in medicine at his 
father's suggestion. He made his first great 
discovery - that a pendulum has a regular period 
regardless of the width of its oscillations - while 
watching a swinging lamp in Pisa Cathedral, 
and had soon turned it into a practical device for 
measuring a patient’s pulse. After persuading his 
father to let him pursue his interest in mathematics, 
he became a professor by the age of 25. 

Throughout his life, Galileo was perpetually short 
of cash. His father’s death left him responsible for 
his mother and three younger siblings - and later 
his own partner and three children. He boosted his 
Income by taking in private students and selling his 
inventions, and later took a better paid job at Padua 
In the Republic of Venice. It was here in 1609 that 
he got word of an amazing new invention from the 
Netherlands - the telescope. 

Galileo immediately set out to make a telescope 
of his own, using lenses mounted at either end of 


a card tube, Thanks to his talents for maths and 
experimentation, he soon found ways of improving 
on the basic idea. When he showed it to the 
Venetian rulers, they offered to double his salary 
and pay handsomely for the instrument itself 
Within a few months, the course of Galileo's life 
was fatefully changed as he turned his telescope to 
the sky and made a series of discoveries including 
mountains on the Moon, countless faint stars and 
four small moons circling Jupiter. These findings 
undermined the traditional view that everything in 
the universe circled Earth - Nicolaus Copernicus, 
a Polish priest, had suggested the idea of a Sun- 
centred universe in 1543, but until now there had 
been no observational evidence to back it up. 
Galileo's account of his discoveries in his book 
The Starry Messenger turned him into a screntific 
celebrity, but from 1613 onwards his arguments 
in support of the Copernican model put him on a 
collision course with the Roman Catholic Church. 
Powerful connections helped to protect him at 
first, but an arezumentative nature got him inte 
repeated trouble, and his 1632 Dialogue Concerning 
the Two Chief World Systems led to a trial before 
the inquisition and a sentence of house arrest fot 
the rest of his life. Nevertheless, he continued to 
Make important contributions to the foundations of 
modern physics right up until his death in 1642. 
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No one knows quite when William became interested in astronomy, Right: 
but his sister Caroline’s memoirs recall him discussing the night sky mner Was 
_— trained asa 
with her on their journey to England. Shortly after their arrival, he . | 
er 7 Bie de | oo musician and 
began building his own telescopes - at first simply by assembling joined the 


lenses obtained by local glassmakers, but later, as his needs grew more army atjust 14 
demanding, by casting mirrors and building reflecting telescopes of years of age 
his own design, 

Eventually, William had instruments that were fit for his plans 
not just to observe the night sky, but to carry out detailed surveys in 
search of comets and other undiscovered objects. His telescopes were 
the best of their age, and his reputation soon began to spread. His 
first project involved a systematic catalogue of closely spaced stars, 
with William spending all his available nights at the eyepiece and 
Caroline making careful notes. At the time most people assumed that 
stars were randomly scattered through space, but the discovery of 
numerous close pairs convinced him otherwise, There were too many 
to be accounted for by chance alignments, so some of them at least 
must be paired binary stars in orbit around each other. 

In March 1781, William spotted the planet now called Uranus. When 
he first saw the spherical bluish blob in the constellation of Taurus, he 
assumed it was a comet - it was Astronomer Royal Nevil Maskelyne 
who began to wonder whether the unusually solid-looking object 
might be a planet beyond Saturn. A few months later, continued 
tracking of the object's movement confirmed that it was indeed a 
remote planet. Herschel suggested naming it George's Star - after King 
George III - and the king returned the honour by naming William his Tae ; 
Syeyetsae Caleta lew Pa 


personal astronomer and pranting him a salary of £200 on condition ethan 
The highest parts of Uranus’ atmosphefe 


that he moved to Windsor, with an additional £50 for Caroline to work 
as his assistant. The Herschels, both brother and sister, abandoned 


their musical careers to become some of Europe's first professional atte lower in the atmosphere. 
scientists. They would go on to make countless other discoveries. on aan 
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Several remarkable female astronomers played a 
key role in establishing our understanding of the 
stars in the late-l9th and early 20th centuries, and 
Henrietta Swan Leavitt was arguably the most 
important of them all, laying the foundations for a 
revolution in our view of the entire universe. 
Leavitt was born in 1868 to a well-off 
Massachusetts family. After displaying an early 
academic talent, she studied at Oberlin College 
in Ohio and Harvard University’s Society for 
the Collegiate Instruction of Women (later 
Radcliffe College). Although she showed a talent 
for mathematics, she did not take a course in 
astronomy until her fourth year of university. 
After graduating in 1892 - without a degree 





since at the time they were not awarded to 


re A la r Ky 


women - Henrietta pursued her newfound 
interest in the heavens by applying to work at . ae 
| : : her ‘period-luminosity relationship’ in a paper of 
Harvard College Observatory. Here, astronomer 
Edward Charles Pickering was assembling a 
team of women to catalogue and analyse data 


1912, The implications were huge: astronomers soon 
realised that Henrietta’s stars were of a familiar type 
known as Cepheids, and this meant that the relative 


being Bathered by the first photographic survey ; 
; . distances of similar stars elsewhere in the sky could 


of the sky. Work was often published under | 

eee eee be worked out. 
Pickering's name with little acknowledgement of 
the women behind the scenes. Nevertheless, the 
so-called ‘Harvard Computers’ would make huge 


Henrietta succumbed to stomach cancer in 1921, 
before the full implications of her work became 
clear. Just four years later, Edwin Hubble found and 


contributions to our understanding of the structure 
measured Cepheid variables embedded in some 
and evolution of stars. , se — 
as ; | of the mysterious ‘spiral nebulae’ that dotted the 
Henrietta’s particular speciality was the | 
aie ae sky. He showed that they were fainter even than 
analysis of variable stars - measuring how their as: as 
) those in the SMC, and conclusively proved that the 
bnghtness fluctuated between photographic plates . 
| i ie ie nebulae are actually galaxies far beyond the Milky 
taken on different nights and trying to identify a ; ; 
Way. Today, Cepheids remain a vital rung on the 


cosmic-distance ladder used to measure the scale of 
the unNnIveTse. 


patterns. However, her career was somewhat 
intermittent, with frequent breaks for travel, family 
responsibilities and for the good of her delicate 
health and overstrained eyesight. 

It was in 1904 that she turned her attention to 
new plates sent from the observatory's Southern 
Hemisphere outpost at Arequipa in Peru. These 
images showed the Small Magellanic Cloud (SMC) 

a crowded clump of stars near the southern Milky 
Way. Here, Leavitt found and analysed more than 
L770 new variable stars. Among them, she spotted 
l6 with a distinctive cycle of changing hght that 
suggested they were related 

In a 1908 paper reporting her discoveries, she 
noted that among these stars, the brighter ones had 
longer periods. Because stars in the cloud could be 
assumed to le at the samme distance from Earth, 
their apparent brightness in photographs would 
be a reflection of their true physical bnghtness, or 
‘luminosity’, something that wasn't true for stars 
randomly scattered elsewhere in the sky. 

After identifying several more stars to 
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conclusively prove the link, Henrietta published 
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Born in Ulm, southern Germany, in 18/9, Albert 
Einstein would become the most famous physicist 
of the 20th century, introducing tevolutionary 
ideas that transformed all of science - and 
RSCG E nme as ae 

Einstein showed his remarkable talents from 
FTE hart eset eRe Cet maa a 
mathematical fields such as algebra and Euclidean 
peometry before he was a teenager. However, 

a pteme) betwee Wel =) ema ae Cad cmd a 
curriculum and tegimented teaching methods, and 
eventually ditched school entirely, completing his 
education in Switzerland some time later: 

Vie Reman oe ee eh ale alae 
Schoolin 4urich, Eimstein was frustrated in his 
See T@ hme) me mies elie ene Me eee eee sleet h 
after taking Swiss citizenship - also a way of 
EMSC ROL aOnT PUM NNR eS ms oa ema a Le 
employment at the Bern patent office, ina job that 
lett him with plenty of spare time to work on his 


“Einstein showed his 


remarkable talents from 
an early age, mastering 
tricky mathematical fields" 
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STUDER aetj somes leme| facia Cee Ras elas omni etal thy 
interested in. 

In 1905, Einstein stepped into the limelight with 
the publication of not one, but four groundbreaking 
fea ls) 0 ONG em erases em Blade lt alse erecta Ed aortas 
direct proof of the existence of atoms. Another laid 
the foundations for what would become known 
Pia LM Teen ae me) Eheim pele ee ee een 
transformed our view of the universe itself. 

Hine Cab ew ales h ae abe dy Mare eeT Ce) eee evn Ee) een BTS 
altars] ACES UO TON MMA tc) Ol Een ihe 
seemed to be the same regardless of the relative 
motions of the light source and the méasuring 
device, Physicists had put forward many possible 
pq) UUE O80 wie) MO UP Mace Een) T alam) eC alan Sie Ten me 
UUM oie La celia r ae: abu Temel INLET (ene T ace O CST o Tame | 
WU toee ei elel Ca at 

Finstein, however, dared-to ask if the speed 
of light really is constant, regardless of relative 
neTe ele )e ewe (am blay ee enemas smae)etcto ai ele mein) g 
everyday life would be unnoticeable, but that.in 
sca clOh iO OGD e) NMC G Bc Ve Male cra me near 
(a) ej Coe TEAM Le Oe BLO NGM LMe nce eb i4 pee] mere 
relative to each other, strange effects would occur. 
From the observer's point of view, objects at 
near light speed appear to become shorter and to 
Sea O SG SEEM STEN E Nel cee ely ke 

Further consideration led Einstein to conclude 
dpe ler ae leone 8) eee teehee 
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speeds will tend to increase their mass rather 
than their speed - since the speed of light itself is 
unreachable - and this led in turn to the famous 
equation E=mc?; 

Einstein's ideas were hugely influential, but 
PN eRe Uitte esd ices QMS BLO H ls) 81N =e Doma Lea 4 





question. So far he had only formulated a ‘special It was while studying at Newnham College, Cambridge, in 1919 that 
theory of relativity’ where the observer and object her interest in astronomy was ignited by a lecture from Sir 
Ohad eh eh EULA OL ISMN Le ar ee elt Arthur Eddington on Einstein's new science of general 
or decelerate. He now realised that acceleration relativity. Determined to follow her newfound passion 
was effectively the same as being in a gravitational after leaving Cambridge, she applied to Harvard 
field, so a description of ‘general relativity’ would College Observatory. Alongside images of the slcy, the 
ICOM Nee) BOT En OTN Dome Bela mB e COIN eee h ee melee) | Observatory's catalogue also included the spectra 
CCC ae smo R ele eau lnm of countless stars, made by spreading out starlight f 
emerged, showed that the presence of large masses according to its wavelength and capturing it on 
can have effects similar to those seen in special photographic plates. These rainbow-like bands were 
relativity, distorting our measurements of time and usually crossed by a variety of dark ‘absorption | 
space. However, its publication in 1916, as Europe lines - chemical fingerprints created by the light 
(oCeie bee eE tm Dem al me leiak Le) em bem nena absorbing properties of various elements somehow 
ieee mess tela) cca associated with the stars themselves. The goal of Pes | "i 
Tt was only in 1919, following the return of peace, her PoD thesis would be to explain exactly how. Key i 
that astronomer Sir Arthur Eddington was able to One of the most puzzling aspects of stellar spectra om 
journey to Africa and make crucial observations was the huge variety in the strength and number of . 
Ome DeeeTCOOUA OM Se eel tUeMeLeL at aT-we ie ee )mes re] | iro their absorption lines, implying great variation in , 
These revealed the effect we now call gravitational the elements they contained - by proper application 
Cater et OU etm CO) M0T MOM it atime rjeel geen mE das of the equation, Cecilia was able to show that most 
measured positions of the stars as light is deflected of this variety was due to differences in the surface temperature of Above: Payne 
CINCOM Ob tomel POOR M OTE SCe) Re (Ot Me) Malet Gn ecard: TELS the stars, not to their composition. Higher temperatures strip away anaylsed the 
Site PRETO MUM Be Ota POMS) bL Svan ipa ales more of the electrons from around atoms in a star's atmosphere, cae ee 
way for a new eta in physics, and eventually for leaving ‘ions’ with increasingly positive electric charges that interact the secrets 
ee aN ATI Mayme iA Ce) NCOT REDO 8) OWNS [0mm MOE TMLee Lt differently with light escaping from the star's surface. of stellar 
composition 


itt = Wa) MON Rel mel eee bee) (-lee lw ate) ate Applying these principles to the atmospheres of various stars, 
Payne showed that they contained similar amounts of relatively heavy 
elements such as silicon, carbon and oxygen to those found on Earth. 
But there was a troubling discrepancy when it came to the lightest 
elements: helium and especially hydrogen seemed to be vastly more 


stiee tae ieee 


abundant in the stars than they are on Earth. 

Throughout along and distinguished career spent entirely at 
Harvard, Cecilia was able to see the fruits of her breakthrough in 
understanding the composition of stars. Understanding that they are 
predominantly made of hydrogen is the key to understanding the fuel 
source that powers them, the conditions inside them and the various 
tracks along which they can evolve during their lifetimes. 


Source: Wikipedia © Smithsonian Institution 
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Katherine grew up in the southern United States at a time when pI —_— 
racial segregation was commonplace and opportunites for African 
Americans were in snort supply. In 1952, Katherine learned that the 

National Advisory Committee for Aeronautics (NACA) was looking to 

hire mathematicians. At first she was assigned to the group of black 

women ‘computers’ who did the number-crunching to analyse data y oe ae, oe * 
gathered from NACA's research aircraft. Her particular talent was soon | | 
recognised, however, with a temporary posting within an all-male, all- 
white team at the Flight Research Division that became permanent. 

Alter the surprise launch of the Soviet Union's Sputnik satelite 
In 1957, chaotic early US attempts to play ‘catch up’ culminated in a 
wholesale reorganisation of NACA to form the nucleus of the current 
NASA, Racial and gender segregation were done away with, while 
the Flight Research Division was renamed the Space Task Group and 
Was Charged with putting American astronauts into orbit ahead of the 
Soviets, Katharine was therefore in the right place at the night time 
to play a key role in the early US space effort. As well as working on 
Alan Shepard's Freedom 7 suborbital flight in 1961, she co-authored 
work on the precise placement of satellites in particular orbits and the 
relationship between a spacecraft's re-entry point and its landing site. 

Despite machine-based calculation fast becoming the norm at 
NASA, the early ‘Mercury 7 astronauts were reluctant to put their lives 
entirely in the hands of technology, and John Glenn famously asked EE 
for Katherine to manually recheck the calculations before the launch ay f 
of his Friendship ¥ spacecraft on the first US orbital mission. 

Johnson continued to work at NASA until her retirement in 1986, 
She considered her proudest achievement to be the calculations 
needed to sync the Apollo Lunar Module with the orbiting Command 
Module. She also helped devise a method of ‘navigation by the stars’ — » 4 " a) 
that allowed the astronauts of the crippled Apollo 13 spacecraft to | 
time the precise engine burn needed to return them safely to Earth. 

In 2015, she was awarded the Presidential Medal of Freedom by US | 
President Barack Obama, while the following year, her story, along 
with those of other black American women at Langley, was chronicled 


in Margot Lee Shetterly’s book Hidden Figures. 
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Early 2020 will see the launch of an ambitious mission to observe 
the poles of the Sun for the first time ever 





THE SPECS 


Launch: February 2020 
Launch site: Cape Canaveral 
Air Force Station, Florida 
Launch rocket: Atlas V 41] 
Target: Sun 

Operator: ESA/NASA 
Programme cost: 

£520 million ($672 million) 
Components: lViultiple 
Height: Three metres (9.8 feet) 
Diameter: 18 metres (59 feet) 


1.7m (5.6ft) a 
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-—————_ 18m (S9ft) ——" 


In February 2020, the European Space Agency's 
(ESA) highly anticipated Solar Orbiter will launch 
from Cape Canaveral in Florida on top of an Atlas V 
rocket, Although this mission is led by the ESA, it 
has had strong contributions from NASA, including 
the launch site and rocket. This is one of the 
missions that constitutes the ESAs Cosmic Vision 
programme, and will investigate the only star in 
our Solar System, the Sun. Not only is it equipped 
with ten state-of-the-art instruments - designed to 
investigate everything from coronal mass ejections 
(CMEs) to the solar wind - it will also conduct the 
first-ever observations of the solar poles. 

The cosmic generator that sits at the centre of the 
Solar System is not only surrounded by everything 
from the tiniest asteroids to gas giants several 
times larger than Earth, it is also heavily shrouded 
in mystery. One huge mystery that has had solar 
scientists scratching their heads for years is the 
Sun's corona. This outer region can be as much as 
300-times hotter than the ‘surface’ of the Sun, called 
the photosphere. It is comparable to taking your 
hand away from a fire and feeling it heat up. It is a 
complete cosmic conundrum. 


Unfortunately, because this ball of plasma is so 
powerful and unpredictable - capable of producing 
events that could potentially harm us on Earth, 
let alone a nearby spacecraft - it is very difficult to 
Investigate up close. Several missions have tried to 
understand the beast, with honourable mentions 
to other NASA/ESA missions Ulysses and the Solar 
were not enough. Thete is still so much mystery 
surrounding the Sun's heliosphere, the solar activity 
that is the driving force for solar wind and CMEs 
and their variability. Now the ESA 1s launching this 
new-and-improved investigator to probe the Sun in 
unprecedented detail, 

The Solar Orbiter, which is abbreviated as ‘solQ’, 
will provide both remote and in-situ observations 
courtesy of an extremely elliptical orbit. This 
elliptical orbit will be created after a series of 
gravity-assist manoeuvres of Earth and Venus, 
taking the spacecraft to an aphelion - the distance 
at the object's farthest point - of 170 million 
kilometres (105 million miles) and a perihelion - 
its closest point - of 42 million kilometres (26 
million miles). 


“Not only is it equipped with state-of-the- 


art instruments, it will also conduct the 
first-ever observations of the solar poles” 
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Anatomy of a Sun skimmer 
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Spectrometer Telescope for 
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Imagery and spectroscopy of the Sun's X-ray emissions 
will provide quantitative data about accelerated 
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Magnetometer (MAG) 
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precision, in-situ measurements of the 
heliosphere magnetic field and how it 
evolves in a solar cycle. 
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Polarimetric and 
Helioseismic Imager (PHI) 
PHI will provide line-of- 

sight velocity maps and the 
photospheric magnetic field in 
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observe the Sun's poles 


1 After the first year 


By November 2021, 5ol0 will 


have conducted two gravity 
assist manoeuvres around 


Venus and one around Earth in 
order to achieve its orbit in the 


inner Solar System. 


3 Five years later 

In 2025 SolO will perform its 
fourth flyby of Venus in order 
to take its inclination up to 

1? degrees. This is a similar 
inclination to Pluto's orbit. 


5 Ten years later 

If the mission enters its 
extended mission duration of 
ten years, Venus will continue 
to catapult the spacecraft to 
an inclination of 34 degrees. 


At its perihelion the Solar Orbiter will be a third 
closer to the Sun than Earth is and will experience 
solar heating 13-times greater than any satellite 
currently in orbit around the blue marble we call 
our home planet. This presents engineers with 
the difficult task of having to protect the entire 
spacecralt against the intense rays of the Sun. 
Engineers have devised a series of taciators, multi- 
insulating layers and a black heat shield which is 
capable of withstanding temperatures up to 500 
degrees Celsius (932 degrees Fahrenheit) as the 
craft makes a close approach every six months. 

During the seven-year nominal duration of 
the mission, every year or so the spacecraft will 
use Venus for a gravity assist that will gradually 
increase its orbital inclination. It will separate from 
the relatively flat plane in which the planets orbit 
the Sun and will begin transitioning to an angle 


2 Two years later 

The first Venus gravity assist 

to provide inclination will be in 
September 2027, over two years 
after the craft was launched, 








Solar Orbiter trajectory — 


4 Seven years later 

Once the nominal mission 

duration is completed, which 

is seven years after launch, the 

spacecraft will have reached 
an inclination of 25 degrees. 





that will allow it to observe the poles of the Sun. 
This will continue until it reaches a 25-depree 
inclination after the seven years. If the spacecraft 
is Still operating and capable of performing further 
science, the Sol tear will shift it to 34 degrees 
over the following three years using a series of 
Venus gravity assists. From this angled vantage 
point scientists could have a better chance at 
understanding the solar dynamo - the physical 
process that produces the Sun's magnetic held 
and how this magnetic field swaps poles every 11 
years. This pole reversal causes the solar cycles, 
which determine the level of solar activity. 

In August 2018 NASA launched its Parker Solar 
Probe, which 1s trying to accomplish a similar feat. 
This spacecraft is also getting up close to the Sun, 
but much closer. This mission is diving into the 
Sums corona. At its closest approach the Parker 
solar Probe will be six-times closer to the 5un 
than So0l0 will ever be. However, the Parker Solar 
Probe will not be swooping over the star's poles. 
This provides an interesting and potentially very 
fruitful opportunity for scientists to co-ordinate 
observations with the two missions in an attempt 
to truly understand the Sun's corona. 


“Tt will transition to 
an angle that will 
allow it to observe 
the poles” 
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Radio and Plasma 
Wave analyser (RPW) 


The uniqueness of this instrument is that it can 
provide remote and in-situ observations, so when 
SolO orbits the Sun every six months, constantly 
shifting between closer than Mercury and farther 
away than Earth, RPW can gain valuable data no 
matter where it sits. 

Using a series of antennae and sensors, this 


instrument will provide high-resolution data of the 
solar magnetic and electric fields. This investigation 


Will help study the solar wind that permeates 
throughout the Solar System and poses a potential 
threat to Earth - frying the electronics of satellites 
in low-Earth orbit and astronauts on board the 
International Space Station. 
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Head-to-head 
Solar Orbiter vs 
These two missions are following slightly 
different paths with slightly different mission 
objectives. The Parker Solar Probe was 
designed to withstand radiation 4/5 times the 
intensity than at Earth, as opposed to the Solar 
Orbiter withstanding 13 times the intensity. 

In terms of dimensions, the Solar Orbiter is a 
much larger piece of equipment, with a height 
of three metres (9.8 feet). Once the solar panels 
are spread out, it reaches a wing span of 18 
metres (60 feet). The largest part of the Parker 
Solar Probe in comparison is the hexagonal 
carbon-composite heat shield, which is 2.3 
metres (75 feet) in diameter. 


Solar Orbiter 
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Parker Solar Probe 
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Matter in the Sun 


Matter converted 
into energy by the 
Sun per second 


million 
tonnes 


The time taken 
for SolO to orbit 
the Sun ence 


Ultra-thin layers of 
titanium on heat 
smeld's outer layer 
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Protecta 
spacecraft 
from the Sun 
Knowing the enemy 


The spacecraft will be in the midst of an 
extremely harmful environment. There will 
be unbearable temperatures and radiation 
peppering the spacecraft, so a set of precautions 
are needed in order to protect it. 
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The first line of defence 

Se The heat shield will guard against direct 
radiation, which will come in handy when the 
spacecraft is at its perihelion. This heat shield will 
be facing the Sun at all times during its orbit, so it 
will be constantly bombarded. 
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3” the name suggests, the spacecraft is 
coated in multiple layers of material that will 
allow the contents to be guarded against 
temperatures that reach as high at 500 degrees 
Celsius (932 degrees Fahrenheit). 


ome of the Sun's rays are inevitably going 
to be absorbed, and this could cause a problem 
if it heats up the spacecraft and its instruments. 
Waste heat will be rejected using high-efficiency 
radiators, which are directed towards cold space. 





Future tech The Von Braun Space Station 





Bored of city breaks and cruises? 2025 could see the 
construction of the first hotel in low-Earth orbit 
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announced plans to build a hotel in space as early as 
2025, partnering up with another company, Orbital 
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Its namesake Wernher von Braun was a former 
Nazi rocket scientist who after World War II became 
an influential figure for the United States’ space 
programme, developing the rockets that eventually 
took the first humans to the Moon. The idea of a 
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advocate of it. This brought about the attention 
of Walt Disney, and the two of them would create 
artist impressions of this hypothetical space station. 
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Andy Weir novel The Martian. 
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guests, with new people coming every week, 
all while housing appropriate living quarters, 
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confines of a 190-metre (620-foot) 
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Maximum occupancy 
The Von Braun Space Station 
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astronauts on board the International Space Station 
(ISS) do at the moment, you'll have a comfy bed to 
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New guests could arrive once, or 
possibly even twice a week, spending 
a couple of days or a couple of weeks 
in the space hotel. 
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commercial aerospace companies, such as SpaceX. 
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The Von Braun Space Station 
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ensure the guests are comfortable. 

The creation of this space station holiday 
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intense training to live in space. Astronauts have also 
shown that the body can undergo changes living in 
reduced gravity, meaning there are definitely some 
serious health precautions to the general public that 
need to be considered before such a petaway can 
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A rotating-wheel space station 
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Mars oxygen 





The Curiosity rover has been 
amassing data that shows an 
unexpected change in the Red 
Planet's O>2 Reported by David Crookes 


uriosity has been trundling across the 

surface of Mars since 2012, revealing a 

lot of detail about the Martian climate 

and the Red Planet's geology. So far the 
rover has proven to be invaluable in showing that 
Mars could have once sustained life. It has uncovered 
evidence of ancient persistent water flows, 
discovered organic carbon in rocks and found two 
forms of radiation that could pose potential health 
risks to astronauts. But its work continues to astound 
and confound. 

In November 2019, scientists revealed the results 
of a study of Curiosity’s data that had been gathered 
directly above the surface of Gale crater, the rover's 
landing spot. Estimated to be as old as 3.8 billion 
years and 154 kilometres (96 miles) in diameter, its 
a significant area, but on this occasion the focus has 
been on the detected levels of oxygen = in particular 
its baffling, fluctuating behaviour. 


To explain, over the course of some six years, 
scientists have worked out that the Martian air is 
mainly made up of carbon dioxide, which accounts 
for some 95 per cent by volume. The rest consists 
of molecular nitrogen (2.6 per cent), argon (1.9 per 
cent), molecular oxygen (0.16 per cent) and carbon 
monoxide (0.06 per cent), with the presence of 
nitrogen and argon proving constant and following a 
predictable seasonal pattern relative to the amount 
of carbon dioxide in the air. 

The level of oxygen, however, is showing a very 
different and surprising pattern. According to a study 
headed by Melissa Trainer, a planetary scientist at 
NASA's Goddard Space Flight Center in Greenbelt, 
Maryland, oxygen levels have been seen to rise by as 
much as 30 per cent during the Martian spring and 
summer before dropping back in the autumn. What's 
more, when the scientists looked at the data over 
three Martian years, each of which lasts 687 days, 


they found that the pattern repeated itself each time. 


Scientists are now trying to discover why. 

“The proportion of oxygen is found to rise in the 
summer by as much as a third above its predicted 
value of about 1,300 parts per million by volume,” 
explains Sushil Atreya, a planetary scientist at the 


Mars oxygen 
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Molecules are breaking 
apart in the atmosphere 
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Solar radiation is breaking 
up oxygen molecules 
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Martian soil is 
holding the secret 


The most likely explanation 
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and releasing oxygen. This has 
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The oxygen is being 
produced by aliens 
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found rocks 
containing 
oxide 
materials on 
Mars in 2016, 
it suggested a 
once-higher 
abundance of 
free oxygen on 
the Red Planet 


University of Michigan and part of the scientific 
team. “On the other hand, nitrogen and argon - both 
of which also have a long lifetime on Mars - behave 
normally.” Indeed, the top reparted rise of oxygen 
was equivalent to an extra 400 parts per million, 
and this was detected by the quadrupole mass 
spectrometer instrument on board the Sample 
Analysis at Mars (SAM) - a portable chemistry lab 
inside Curiosity. 

"The presence of oxygen in the atmosphere of 
Mars can be attributed to the chemistry between 
the main gas of the atmosphere, carbon dioxide, and 
a smaller component, water vapour, together with 
energy from the Sun,” says Atreya. 

"Numerical models of the past several decades 
had predicted that oxygen levels in the atmosphere 
of Mars should remain constant throughout the 
year because the lifetime of the gas against all 
known loss processes is fairly long, far exceeding 
the length of a year on Mars. It was a bit jarring to 
discover that wasn't the case” 

There is a possibility that microbial life is 
behind this surge, since oxygen can be produced 
biologically. If this was the case then the 
explanation would be incredibly exciting, but 
scientists are leaning more towards an abiotic 
source, which means the surge is likely down to 
chemistry that is related to water and rocks. 

Unfortunately there is no known chemical 
process that easily accounts for the observations. 
Scientists know that the 0.16 per cent of oxygen in 


“Oxygen is found to rise in 
the summer by as much 
as a third above its 
predicted value" 


the atmosphere is due to ultraviolet light reacting 
with carbon dioxide and water vapour to break 
those molecules into their components. Chemical 
reactions then cause the oxygen to form carbon 
dioxide, creating a cycle. But if this was to account 
for the rise which scientists have observed from 
Curiosity's data, then the process would need to be 
far more rapid. 

Likewise, there would need to be five-times as 
much water above Mars to account for the increased 
levels of oxygen. As such, scientists believe a more 
likely source of the oxygen is hydrogen peroxide or 
perchlorates which exist on a widespread level in 
the Martian soil. If it’s the former, it would point to 
deep, underground sources of oxygen of a sufficient 
amount to account for a spike, and yet the evidence 
is that there is not such an abundance. 

As for the perchlorates, NASA's Viking 1 
and 2 spacecraft detected these toxic, stable salts 
composed of chlorine and oxygen when landing 
on Mars in 1976, and an experiment showed that 
heat and humidity could release oxygen. Yet the 
conditions under which that research was carried 
out were not the same as Mars in the spring, and so 
no firm conclusions can be made. 

Even so, in 2009 the Phoenix lander discovered 
that perchlorates made up between 0.4 and 0.6 per 
cent of a collected soil sample, so there is a good 
chance that oxygen could be released under a set of 
conditions, perhaps when cosmic radiation breaks 
them down. Quite why the oxygen levels drop in 
autumn is just as mystifying, though - something 
seems to be removing it from the air. The gas is also 
soaring and plunging randomly. If cosmic radiation 
really was to account for the spike each year, then 
it would have to be happening at a faster rate than 
scientists believe it to be. 

“The observed oxygen rise requires a source in 
the surface,” Atreya tell us. "The atmosphere does 
net produce the increase. At least three potential 
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How is Mars composition 
contributing to the atmosphere? 
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non-biclogical reservoirs exist in the surface: 
perchlorates, hydrogen peroxide and the rocks 
oxidised by water or brine in the past when Mars 
was presumably wetter and warmer, or even today. 
It appears pretry challenging to dislodge large 
amounts of oxygen from rocks, however, 

“On the other hand, the other two sources look 
promising for the excess oxygen. The devil is going 
to be in the details, as it’s not just the increase 
in oxygen in summer, but also its decline in late 
summer and autumn back dewmn to the levels 
predicted by atmospheric chemistry models which 
must be understood.” But that’s not the end of it. 

As if the situation wasn't mysterious enough, the 
extent of the rise has been shown to vary year after 
year. “The amount of the summertime increase in 
oxygen Varies somewhat from one Mars year to 
the next,” says Atreya. “Is that surprising? What's 
surprising is that oxygen increased at all. The year- 
to-year fluctuations seem to reflect fluctuations in 
the mechanism behind the increase.” 

And yet oxygen is not alone in showing such 
seasonal fluctuation. Methane inside Gale crater 

also rises in the summer and falls in the autumn, 
and it does so by as much as 60 per cent. This was 

































ATMOSPHERIC CONSTITUENTS 
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How Mars’ gasses are fluctuating through its four seasons 


When carbon dioxide - the most abundant gas in the Martian atmosphere - freezes over the poles 
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molecular oxygen and carbon monoxide in proportion to carbon dioxide. 


Carbon dioxide - annual average 
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Argon = annual average 1.9 per 
cent by volume: Behaves as 
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Molecular oxygen - annual 
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Methane - annual average 
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discovered by SAM’s tunable laser spectrometer, 
which has done a fine job in picking methane up, 
piven that the quantity is a tiny O.00000004 pet 
cent on average. Scientists wonder if there is some 
sort of correlation between the behaviour of oxygen 
and methane, with the general hunch being that it 
will indeed be the case. 

"Both £ases increase in summer, which makes 
me think the same mechanism that triggers the 
release of oxygen also causes methane to be 
released to the atmosphere from its subsurface 
reservolr, discounting the occasional spikes seen in 
methane,” says Atreya. “Oxygen and methane show 
a similar trend over part of the year, but some gaps 
remain in the data.” 

As such, it's not proving to be a straightforward 
case to solve, but some potential problems can at 
least be ironed out. Tests on Cunosity's instruments 
have shown that they are not malfunctioning. 
“Multiple tests of the instrument and testbed 
experiments in the lab showed that 54M is working 
properly. says Atreya. But, in terms of methane at 
least, only the rover is detecting methane. Go higher 
in the atmosphere, well away from the ground, and 
methane is not being picked up. 

Indeed, the European Space Agency's Mars 
Express passed over Gale crater five hours after 
Curiosity observed a surge in methane of 21 parts 
per billion by volume and found none. And even 
Cunosity has found moments when the level is less 
than one part per billion, making the amount of 
methane practically bereft. 

Given that the ExoMars Trace Gas Orbiter 
has also struggled to measure methane and yet 
Cunosity points to it being persistently present, it's 
going to take a while yet to figure this one out, let 
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alone work out whether or not there is a connection. 


. Meet the spacecraft keeping-an eye on Mars 






- Mars Science Laboratory - 
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Mars portable chemistry lab, with the 
" data showing the amount of oxygen 
rises in spring and summer, although 
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ExoMars Trace Gas Orbiter 
Put together by the ESA and 
Roscosmos, this mission has sought 
a better understanding of methane | 
and other atmospheric gases that are 
present around Mars. Its orbiters did 
not see the methane burst detected - 
ee GU cea me ee ae 
was recorded at its highest. level yet 
back in June 2019. 
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only if all else fails’ 


Going back to the oxygen, however, there is a 
suggestion that there is a source in the near-surface 
that interchanges with the atmosphere, 

Does it rule out life? “Either biolagy or geology 
can generate oxygen and methane, says Atreya. 
“On Earth, biology is by far the dominant process, 
and | don't rule out biology on Mars either, but that 
should be considered as the very last resort, only if 
all else fails. It's absolutely essential to rule out the 
abiotic processes first.” 

To do that, it’s clear that more studies will need 
to he made, and there will be missions in the 
future that should help scientists make headway. 
‘Continued measurements with SAM at the surface 
of Mars will also fill in some gaps in the data, while 
laboratory studies and electrochemical modelling 
would be important in untangling the exciting new 
results,” Atreya says. "Work is ongoing in all areas, 
and future missions should pay close attention to 
processes that might be happening beneath the 
surface of Mars.” 

For a better set of results, oxygen and methane 
readings could be taken more regularly. The 
scientists were working on the basis of 19 data 


“I don't rule out biology o 
Mars either, but that should be 
considered as the very last resort, 
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points over the equivalent of six Earth years, which 
mTmakes it hard to see what 1s happening day by day. 

“As with any new finding, especially an 
unexpected one, you want to repeat the 
measurement to be certain,” says Atreya. “Except 
that on Mars, one has to wait two years for the 
same season to roll around again." 

Even so, no one can say for certain whether the 
phenomena being seen at Gate crater will apply 
across the whole of the Red Planet. It could only 
apply to specific areas, and that's something the 
ExoMars Trace Gas Orbiter hints af, given it can't 
detect methane. 


Atreya is wary of jumping to conclusions, though, 


and he says this current study should be a warming 
for those searching for alien life. "The recent 

Mars findings further reinforce the importance of 
continued exploration of the Solar System using 
state-of-the-art technology,” he says. “They are also 
a reminder to avoid the temptation of declaring the 
presence of life if and when oxygen and methane 
are detected together on an Earth-sized extrasolar 
planet with surface liquid water in the habitable 
zone of star. Be ultra-cautious!” 


Mars oxygen 
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. \ Do we finally have a handle on chaos theory 











Reported by Colin Stuart 





hen it comes to surviving in space, the 
tiniest things can be the difference 
between life and death. As Canadian 
astronaut Chris Hadfield said: “An 
astronaut who doesn't sweat the small stuff is a 
dead astronaut.” That may be the case for human 
Space travel, but astronomers are increasingly 
suspecting the same mantra also applies to the 
wider universe. When it comes to the cosmos, it 
seems chaos theory is king. 

Chaos theory traces its origins way back to the 
19th century, French polymath Henri Poincaré was 
attempting to win a prize of 2,500 crowns - a third 
of a professor's yearly salary - offered up by King 
Oscar Il of Sweden and Norway to celebrate his 60th 
birthday. To win you had to predict the orbits of the 
planets. Isaac Newton's work on gravity allows you 

a | ea | to foretell the future positions of two pravitationally 
I ah rhe seat 7 be: LI = a | intertwined objects with clockwork precision. Yet 
ra throw a third object into the mix and that ability 
Vanishes. Poincaré failed to solve this ‘three-body 
problem’, but was awarded the pnze nonetheless 
for important insights into why it is such a thorny 
conundrum to crack. 

Russian mathematician Sofya § known as the ‘butterfly effect’. In the 1960s Lorentz 
Kovalevskaya also carried out was Using computers to try and predict weather 
important work on the problem. patterns on Earth, but he found that the outcome 
The puzzle is difficult because was Wildly different even though it looked as if 
even the smallest changes in a he was modelling the same situation each time. 
system with many moving parts Further investigation revealed that tiny rounding 
can lead to huge differences later errors in the values fed into the computer blew up 
down the line, That, in anutshell, into major differences in the predicted forecast. 
is the essence of chaos theory. Today Lorenz gets the lion's share of the credit, 
“We wouldn't have chaos theory if but Mary Cartwright and John Littlewood analysed 
we didn't study planetary orbits,” chaotic patterns in radio signals during World War 
says Dr Paul Sutter of the Flatiron Two. To this day chaos theory places a limit on 






































































Institute in New York. how far into the future we can accurately predict 
American mathematician the weather. Chaos theory makes meteorology an 

and meteorologist Edward imperfect science, 

Lorenz compared it to the flap Mathematicians have been studying chaos theory 

of a seagull’s wing affecting ever since Lorenz's insights. Somewhat counter- 

the weather. He later switched intuitively, they have found that chaotic systems are 

his metaphorical creature to a not as unpredictable as they first seem. “It helps us 


butterfly, and to this day itis still to identify patterns, key elements, hidden rhythms 
and orders in systems that are not normally 
apparent,” says Sutter. Period doubling is just one 
example. In a chaotic system, the time it takes for 

a pattern of behaviour to repeat increasingly grows 
to twice as long as before, Eventually the behaviour 
takes so long to replicate itself that the systern 
appears lacking in an underlying order - it looks 





SH Chaotic universe 


chaotic. However, there is method in the madness if you know where 
to look. In 1975 American mathematician Mitchell Feigenbaum, one of 
the pioneers of chaos theory, discovered that the ratio of the points at 
which the peniod doubles increasingly approach the number 4.6692... 
as the system becomes more chaotic. This number is now known as 
the Feigenbaum constant in his honour. 

Applying chaos theory to the cosmos could help us to explain how 
the Earth came to be the life-hosting planet it is today. The Sun was 
one of many stars formed when a vast cloud of interstellar gas and 
dust collapsed around 5 billion years ago. "Tiny little changes in that 
gas cloud can lead to very big changes in the population of stars that 
form,” says Sutter, An extra little clump of dust here, a tiny bit of extra 
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spin there and the Sun could have been a very different star, or even Above: French 
not have formed at all. Star formation may look like a chaotic system, mathematician 
was one of 
the first to 


‘It helps us to identify patterns, key  sixstheory 
elements, hidden rhythms and 
orders in systeMS"” paul sutter 


Applying chaos to the weather 
The mind-bending theory helps us to get more ofahandle =~ a, 
on our planet's complex atmosphere i is 


The Earth's weather system is 
incredibly complex, with many 
different particles interacting ina 
variety of ways. 














Jet streams 
These fast-moving 
channels of air 

affect the weather in 
different parts of the 
world depending on 
their speed, latitude 
and movement. 


Chaos solves the weather 


Chaos theory attempts to explain 
underlying patterns in this seemingly 
random maelstrom of data. 











but there could be an underlying 
mathematical order that reveals 
the likelihood of forming the kind 
of stars suitable for sustaining 
habitable planets. In turn that 
could point us to the appropriate 
comers of the nearby universe to 
search for alien life. The creation 
of new stars is often studied by 
creating very complex computer 
simulations. “Chaos theary gives 
us a mathematical tool to help us 


get a handle on what's going on,” says Sutter, 

Why is our Solar System a good place for life to 
emerge, evolve and thrive? Our cosmic backyard 
looks serene today, with planets neatly drifting 
around the Sun in well-behaved orbits and relatively 
few unstable asteroids left to careen inta them. 

Yet today's peace and quiet belies a tumultuous 
youth, "We suspect that a lot more planets formed 
around the 5un and some of them were on chaotic 
orbits,” says Sutter. Tiny changes in their speed 


Eyes on Earth 


Many satellites in orbit have been 
launched to view our weather from 
above and ona grander scale. 


Temperature, pressure 

and wind speed 

Even small variations in temperature, 
pressure or wind speed can build up 
into big differences elsewhere on 
the planet. 
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and positions would have been amplified into considerable effects. Below: As for subscribers to the Rare Earth hypothesis - the 
Eventually they either crashed into other planets - just such anevent thesmallest notion that so many factors have to be just right 
planet, 
| Mercury 
steep orbits that they were ejected from the Solar System entirely, is most very far between. 


is thought to have formed the Moon - or were jacked up onto such for life that living planets like our own are few and 


‘Only the ones born in good places at good times get to stick around,” susceptible Yet even the chaos in our Solar System is still not 


Sutter summarises. Working out what constitutes a good place or good ™ the effects complete. Over a human lifetime the path of the 
of chaotic 
| | changes | | | 
Astronomers have spotted a whole host of weird-looking solar worlds can build up to sizeable changes in the 


time is key in hunting out habitable worlds in other solar systems. planets 15 predictable, but tiny interactions between 
systems, including a planet that orbits its star in the opposite direction future, Just as the weather forecast begins to break 
to its neighbours, probably because its orbit became so inclined that it down over timescales of more than a week, we can 
flipped right over the poles of the star. This work is a shot in the arm only predict the orbits of the planets for the next 
40 million years or so - an astronomical heartbeat 
compared to the 4.6 billion years it has been around 
so far. It wouldn't take much to upset the whole 
system, and one planet 15 particularly susceptible to 
the ensuing melee, "There's a chance that Mercury 
could be ejected entirely, says Sutter. The orbit of 


the Solar System's smallest planet is constantly 


shifting round, The point at which it reaches its 
closest approach to the 5un - its perihelion - moves 
by 1.5 degrees every millennium. Jupiter's perihelion 
is moving too, and if the two ever get into the same 
rhythm then that could spell the end of Mercury. 
There's a one to two per cent chance its orbit 

will be seriously disrupted in the next few billion 
years. It could be ejected from the Solar System, or 
worse It could smash into the Earth. An inner Solar 
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‘Chaos theorygivesusa ss 
mathematical tool to help \Y// hi 
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going on Paul Sutter 


System without its first planet would itself become 
unstable. That could lead to Mars and Earth nudged 
into a calamitous collision. It just shows how much 


chaos theory matters. 


We already have some evidence that the 
astronomical furniture can be significantly 
rearranged. Nearly a decade ago, astronomers 


spotted the first ‘Togue’ planets - worlds jettisoned 


from their home systems to 
wander the emptiness of space 
alone. There could be one Jupiter- 
sized orphan for every four stars 
in a galaxy like our Milky Way. 
Five per cent of Earth-sized 
planets would be able to cling 
onto any moons as they exited 
their system. Ejected planets 
form a big part of our best model 
of the formation of our Solar 
System. Astronomers running 
computer simulations discovered 


that you end up with a solar system that looks more like ours if you 
start with five giant planets instead of four. Except we don't have a 
fifth giant planet now, Either it went rogue or it is still languishing 
in the backwaters of the Solar System. That's because astronomers 
increasingly suspect there is a ninth planet marooned far heyond 
Neptune. This ‘Planet Nine’ could well be a failed rogue planet that 
was unable to exit the Sun's gravitational clutches entirely. 

Even if the chaotic Solar System doesn't set us on a collision course 
with our neighbours, it could still have telling consequences for our 
climate. In 2017 researchers studying layers of rock in the Niobrara 
Formation in Colorado found a key piece of evidence that Earth anc 
Mars interacted in an unusual way nearly 90 million years ago, At the 








Why Is chaos 

theory important? 
Solving it could help us unlock 
the secrets of the universe 
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Could artificial intelligence (Al) help us? 
Quite possibly. Earlier this year scientists 
trained a type of Al called a neural network 
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problem’. It learned how to solve some of 
the test cases more effectively than a brute- 
farce approach. 
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time there was a sea running through the middle 
of North America, and sediments falling to the sea 
floor were compressed into the rock seen there 
today. A team led by Professor Stephen Meyers of 
the University of Wisconsin-Madison found a 
difference in the clay levels between the layers of 
rock laid down over millions of years. A warmer, 
wetter climate leads to more clay being flushed 
Into the sea from rivers than when the weather is 
drier. Alternating layers indicating wet and then 
dry climates were stacked up in a such a repetitive 
fashion that Meyer concluded there must be some 
cyclical phenomenon driving the changes. He 
points the finger at Mars and its ability to change 
the eccentricity of Earth's orbit. Eccentricity is a 
measure of how much a planet's orbit deviates 
from a circle. Any changes to this key value would 
change how much warmth the Earth receives from 
the 5un and provoke the knock-on climatic effects 
that come with that. It would also make our seasons 
unequal as the Earth would spend more of the year 
In one part of its orbit than another. 

The Earth can be affected in other ways, too, 
The tilt of our axis can vary under the gravitational 
influence of the other planets. Right now we lean at 
23.4 degrees from vertical, but that varies between 
221 degrees and 24.5 degrees over a 41L,000-year 
cycle. This also changes the amount of sunlight we 
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“We suspect that a lot more planets 
formed around the Sun - some on 
chaotic orbits” paul sutter 


receive, particularly in summer and winter when 
we are leaning towards and away from the Sun. If 
small changes build up in a chaotic way, this cycle 
may get out of rhythm. Equally, the Earth's axis 
moves around as our planet is wrenched by the 
Sun and Moon, tracing out a circle every 26,000 
years or so. In the 1920s Serbian scientist Milutin 
Milankovitch combined all these effects and their 
regular effect on the Earth's climate, suggesting we 
eo through periodic changes called Milankovitch 
cycles. They too may be susceptible to chaos. 

As we move into a future where human-made 
climate change is going to bite harder and harder, it 
has never been more important to understand the 
full range of factors that can influence the way our 
atmosphere receives, stores and Transports energy. 
A better understanding of chaos theory goes hand 
in hand with more accurate climate models and a 
better picture of how tiny changes in the layout of 
the Solar System can translate into big effects on 
our already-warming planet. 
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Above: A better 
understanding 

of chaos allows 
us to accurately 
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Spaceports 





ut yourself in the era of the 1950s and 
hele 0 ae ee cee beeen 
em) ame ean mee ed cee cece oe ete thc sa 
States and the Soviet Union lock 
homs in the Space Race, Fast forward 50 years and 
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commercial aeTospace companies are making a real 
surge forward in making space tourism a real thing, 
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Three major players in the game are SpaceX, Blue 
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their respective billionaire entrepreneurs Elon Musk, 


Jeff Bezos and Sir Richard Branson. These three 
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space for the average person - if they can afford 
the luxury - and the 2020s will undoubtedly see 
amazing milestones in this area, There are also 
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BE Spaceports 


The United Kingdom is also now looking to 
create its first spaceports, with the introduction 
of a vertical launch spaceport in Sutherland, 
Scotland, and a horizontal launch spaceport in 
Cornwall, England. ‘This development is stiming 
a lot of excitement around the country as it has 
freat potential to improve the local economy and 
increase the national revenue from the space 
industry. “It is only recently that the demand for 
small satellite launches has been growing quickly. 
Five years ago the UK government recognised that 
the UK builds a large proportion of the world’s small 
satellites, yet cannot launch them,” Melissa Thorpe, 
head of engagement at Spaceport Cornwall, explains 
to All About Space. “The ability to have a sovereign 
launch capability and grasp the market will allow 
the UK to realise 10 per cent of the world’s space 
economy. We will be providing a horizontal launch 
capability for the small satellite market with our 
partner Virgin Orbit, and we are in discussions 
with several other leading space companies for 
future projects.” 

But there is so much more to a spaceport than 
just its launch capability. As the former head 
of the Federal Aviation Administration's (FAA) 
commercial space office, George Nield, said: “Instead 
of just Viewing spaceports as locations from which 
launches and reentries are conducted, I think it’s 
also important to recognise that they can serve as 
focal points and technology hubs." 

“How many spaceports do we need?" Nield 
continued. “As many as it takes to ensure our 























2) NASA 


national security, to maintain technological 
leadership, enable international competitiveness and 
provide inspiration for students and development of 
our aerospace workforce.” 

NASA and Russian Roscosmos have been at the 
forefront of manned space exploration since 
the 1960s, having settled the Space Race with a 


continuous presence in low-Earth orbit on board 
the International Space Station (15S) along with 
ereater international collaboration. As of #018 
NASA has outlined that it wants to return to the 
Moon, sending the first woman and returning a 
man, with another eye on visiting Mars. NASA has 
to do this on a $22.6 billion (£16.9 billion) budget, 
which is only 0.48 per cent of the United States’ 


entire budget. With a plan like this constrained by 
tightened purse strings, the space agency has called 
for the intervention of private companies to take 
over presence in low-Earth orbit. 

This call has been answered by multiple 
aerospace companies looking to make their 
presence known in space, and in doing so they 
are working hard to bring this expenence to the 
people. One of the companies ready to make 
its Mark in space is SpaceX, which has evolved 
remarkably under the leadership of Elon Musk. 
This company has formed and developed a 
great partnership with NASA through multiple 
cargo launches to the [55 using SpaceX’s Falcon 
9 reusable rockets. Boeing, another American 
aerospace company, is also going to send astronauts 
soon as part of NASA's Commercial Crew program. 

space has performed a majority of its 
launches from the Kennedy Space Center, but 
is in the process of building the SpaceX South 
Texas Launch Site at Boca Chica Village in Texas. 
Assuming SpaceX is granted a spaceport license 
by the FAA, the company could soon be launching 
its next-generation heavy-duty reusable rocket - 
the Starship. This spacecraft and booster rocket 


“The UK builds a large proportion of the 
world's small satellites, yet cannot 
launch them’ Melissa Thorpe 


Above: Dennis 
Tito (left) was 
the first space 
tounst to 
spaceflight 

in 2001 


Left: Baikonur 
Cosmodrome 
has been the 
home of all 
astronauts 
launching to 
the ISS since 
NASA's Space 
Shuttle retired 


The present and future of spaceports 


With the rise of space tourism and commercial spaceflight, spaceports are popping up all over the globe 
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Blue Origin West Texas Launch Site, United States 
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Spaceport America, New Mexico, United States 
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Spaceport Cornwall, United Kingdom 


Spaceport Cornwall will accommodate horizontal launches. | 
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Al Ain Airport, United Arab Emirates 
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Spaceport Sweden, Kiruna 
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Baikonur Cosmodrome, Kazakhstan 
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| Arnhem Space Centre, Australia 
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BE Spaceports 





combo is 50-metres (164-feet) tall and is capable of 
transporting passengers to the Moon and Mars. 

In September 2018, Musk announced that 
someone has already bought tickets to the Moon 
on board SpaceX’s Starship. Japanese billionaire 
Yusaku Maezawa, founder of Zozotown, will take a 
translunar flight as early as 2023. Neither Musk or 
Maezawa revealed how much the flight cost, and all 
that was divulged was that Maezawa has already 
made a substantial downpayment. 

SpaceX also has plans to make Starship a 
point-to-point suborbdital flight to destinations 
all around the world. In a promotional video 
posted by SpaceX in September 2017, it showed 
passengers boarding a Starship rocket that would 
take them from New York to Shanghai in just 39 
minutes. In July 2019 it was also reported that 
the European Space Agency is drafting plans to 
start operating suborbital flights from Spaceport 
Cornwall that could start offering journeys from the 
UK to Australia that take just 90 minutes. This is a 
journey that would conventionally take roughly 20 
hours by aeroplane. 

Nield has stated that these kinds of suborbital 
point-to-point flights should start with short- 
distance journeys to nearby spaceports. But there 
needs to be a collective and overarching policy 
for everyone to adhere to. "We can articulate and 
document and then communicate this vision in a 
new policy,” he said, pointing out that this whole 
process could lead to a new office of spaceports 
with the help of the FAA. “If we can get that up and 
running with the appropriate resources, staff and 
funding, that office could be a huge benefit in terms 
of being a focal point and an advocate.” 

Blue Origin will offer a unique experience, as 
passengers are jettisoned to the edge of the Earth 
to gaze upon its awe-inspiring curvature for prices 
yet unknown. Jeff Bezos' team reached some 
major milestones during testing of the reusable, 
vettically launched New Shepard rocket-capsule 
pairing in 2019 at its FAA-licensed West Texas 
suborbital test launch site, On 2 May 2019 New 
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Wie aime ome 
be a spaceport 


The criteria for a spaceport is centred around 
the safety of operations with respect to its 
surrounding area 


Airspace activity 

Spaceplanes need a segregated 
Eee ee CP mess 
aeroplane traffic, as these planes are 
continuing to a different altitude. 


i Virgin Galactic 2019 


Above: Virgin 
Galactic and 
Under Armour 
recently 
showcased 
the spacewear 
for private 
astronauts 


Below right: 
SpaceX's 
Starship could 
provide travel 
to the Moon, 
Mars and other 
destinations 
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‘T think it’s also important to recognise 
that spaceports can serve as focal points 
and technology hubs” ceorge niela 


Shepard was jettisoned to a personal-record altitude 11-minute vertical flight, tourists will be able to 


of 106 kilometres (66 miles) while carrying 38 experience weightlessness for four of those minutes. 
science experiments for various organisations, After the event is concluded, the entire set-up can 
including NASA. After the launch the rocket mace be refuelled, reconfigured and reused - and that will 
a Safe vertical landing and the capsule was gently make the cost a lot cheaper. 

placed on the West Texas plains. When it 1s fully Che third billionaire space-tourism enthusiast 
operational, this unique 18-metre (60-foot) rocket is Sir Richard Branson with his Virgin Galactic. 

will take six people beyond the imaginary line This offers an entirely different option of space 

of space known as the Karman line, which lies at tourism to SpaceX and Blue Origin. Virgin Galactic 
100 kilometres (62 miles) in altitude, During this aims to take its passengers to space using the 
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Prime location 






distance for employees. 
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reusable SpaceShipT wo spaceflight system, with 
the current operational model referred to as VSS 
Unity. This craft performs a horizontal launch from 
Virgin's spaceport using a custom-built aircraft 
carrier called WhiteKnightT wo. When the launch 
vehicle reaches an altitude of 15 kilometres (nine 
miles), SoaceShipTwo will detach and finish off the 
journey beyond the Karman line. 

This adventure has appealed to plenty of 
people already, and reportedly over 600 people 
from 60 countries have already placed deposits to 
be one of the first of Branson's high-flyers. The 
fare for such an adventure is to be within the 


_— oy, 


region of £200,000 ($250,000) for the 90-minute 


spaceflight. It's a hefty price, but you could find 


yourself sitting next to some celebrities that 


have already bought their tickets, such as the 
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Landing 


Horizontal landings 
wouldn't be too dissimilar 
to an aeroplane landing 
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likes of Leonardo DiCaprio, Tom Hanks, Justin 
Bieber and many others. 

Virgin Galactic has had highs and lows during 
testing. A chasmic depth was the crash of VS5 
Unity's predecessor, VSS Enterprise, in the Mojave 
Desert, California, on 31 October 2014. This disaster 
claimed the life of co-pilot Michael Alsbury, while 
pilot Peter Siebold was severely injured. Much to 
its credit, Virgin Galactic regrouped and has since 
conducted several successful test flights, the most 
recent being on 22 February 2019. This test saw 
three astronauts, including the first-ever passenger, 
soar to an altitude of 90 kilometres (56 miles) 

Virgin Galactic recently relocated its employees 
and its testing and commercial operations from 
the Mojave Air and Space Port, California, to a 
cosy spot known as Spaceport America, the 
world's first fully commercial spaceport in the 
desert basin of New Mexico. This is a huge step 
forward for the company's plans to dominate 
space tourism, as this spaceport will be the hub for 
its operations, Virgin has recently announced its 
‘Gateway to Space’, a swanky communal area for 
paying customers, a little like an airport lounge. It 
wort be long now before customers are strolling 
through spaceports in the same relaxed and calm 
manner as they would go through an airport, 
grabbing a coffee while they wait for their flight. 

This could be the case for many horizontal 
launches, as Thorpe explains: “A horzontal-launch 
spaceport, such as ours, can operate from an 
existing airport - in our case Cornwall Airport 








Newquay. A spaceport requires separate legislation 
to allow flights and launches. This secondary 
legislation for spaceflight will give us the 
regulations required to launch satellites in the UE. 
We are an operational commercial airport, and we 
will be fully integrating space launches with Virgin 
Orbit into our everyday airline activities. We will be 
one of the only places in the world to do this.” 
Space tourism is not a new concept. The 
Russian space agency Roscosmos, in tandem 
with the American space tourism company Space 
Adventures, has been sending wealthier members 
of the public into space since 2001. The first one 
to exploit the market was American engineer and 
entrepreneur Dennis Tito. He had a luxurious 
weelclong stay on board the ISS, which reportedly 
set him back £15 million ($20 million). Since 
then several super-rich clients have spent tens of 
millions to go to the ISS, and are continuing to 
do so, a8 two more tourists are due to launch in 
2021. All of these missions were launched - and 
will continue to be launched - from the Baikonur 
Cosmodrome aboard a Soyuz rocket. An extreme 
percentage of the fee would likely go to launch 
costs, as the Soyuz rockets are not reusable. 


The vast expense of such an aclventure is the 
main reason why space tourism was deemed 
unreachable. But with this wave of emphasis 
on reusability and a string of promising tests 
performed by the aforementioned aerospace 
companies, other industries and organisations 
around the world are looking to become a part of 
this rapidly growing industry. 

Expanding horizons beyond the constraints 
of the United States and Russia, spaceports are 
being lined up around the world. Europe could see 
the advent of spaceports in the United Kingdom, 
Sweden and Portugal. Even Australia and Asia are 
getting their own gateways to space in order to 
exploit this expanding market. In fact, in 2017 the 
UK House of Commons prepared a ‘Space Sector 
Report’ that stated that the current glohal space 
economy market is worth somewhere between 
£155 and £190 billion (approximately $200 and 


$250 billion), and is expected to reach £400 billion 


(around $530 billion) by 2030. This is over double 
the value in just ten years’ time. With companies 
and organisations all over the world investing in 
this growing market, it is likely that space tourism 
could soon be a worldwide phenomenon. 


“We will be fully integrating space 
launches with Virgin Orbit into our 


everyday airline activities” metissa Thorpe 
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Tom Hanks 


The Apollo 13 star is one 
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image. Different eyepieces have been tried, but this does not make it any better. 





The telescope may not be collimated 


Solution: Telescope mirrors and lenses need to be aligned to 
give a nice sharp image. The process of getting them aligned 
is known as collimation. This is usually only a problem with 
(=m) 8. Be eee |e 
= | catadioptric telescopes. A great way to see if collimation is the 
problem ts to point the telescope at a bright star and adjust the 
(elem emda | mig Bi ele me) me ele ee el pce a ee ee) |e) 
Look closely and you will see a bright outer ring surrounding a 
Eimer een ee ele Mem OMe gC Rel man mera 
ring then the optics are not aligned and you need to collimate. 
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One thing to look for is the shape of the bright ring - the out- 
of-focus starlight - it should be circular. If it is spiked or triangular 
a emt] ec ee 
\— 7 m held in their holder and need adjusting. 


The object may simply be 
eem em Rea | 
Solution: Light from objects low in the sky need to 
pass through a lot of gas in the atmosphere, This 
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telescope optics, especially if the telescope is stored indoors and 

you.take it outside when it is cold. First, try to take the telescope 
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The telescope drive 


does not keep objects 


in the eyepiece for 
very long 


What has happened? The telescope 
is pointing at the object | want to look 
at and the drive is switched on, but the 
object still drifts out of the eyepiece. 





Check the telescope mount 
information is correct 

Solution: !f the mount is alt-azimuth - in other 
words It has an axis that is ‘up and down’ and 
another which is ‘side to side’ - then it will have 
a computer to control the motors on the twa 
axes. Make sure that all the information like 
latitude, longitude, date and time are all set 
correctly. The manual wall explain the exact 
steos depending on the type of mount 


Check the telescope is 
aligned correctly 

Solution: |i the whole mount seems to be 
tilted at an angle, then it is an equatorial mount 
lf it is one of these then the whole mount 
needs to be accurately polar aligned, which 
means that the polar axis of the mount must 
point directly to the north celestial pole of the 
sky. The more accurate you are with this then 
the longer the objects will stay in the eyepiece. 
Some mounts have small telescopes in the 
polar axis that help you get then aligned, but 
ior thase that dort then | find drift alignment 
the best technique. If there is a computer 
control to the mount, make sure the correct 
drive speed is selected too. 


Check any clutches are 
correctly set 

Solution: Some mounts have switches to 
disengage and engage the motors. Make sure 
these are correctly set to ensure the motor 
actually drives the mount. 


Check power! 

Solution: This may seem obvious, but make 
sure there is power going to the telescope 
drive system. | have known power to get 
unplugged when a cable is kicked in the dark or 
ior battery power to have drained in the cold 


of the night 








“When objects are low 
in the sky their light 
has to travel through 
a lot more gas in 
the atmosphere" 


Telescope trouble Hai 










Mea ES 
The image through the 
telescope is not stationary; it 
seems to jump around quickly 


What has happened? The telescope is pointing at the object | want to look at, 
but it does not stay still. 






The object may 

be too low 

Solution: When objects are low 
in the sky their light has to travel 
through a lot more gas in the 
atmosphere than when they are 
higher up in the sky. Their light also 
gets distorted and disturbed more 
by surface heat from the ground, 
and this can all make the image 
dance around. Wait until it gets a 
bit higher, or if it is lower in the 
west, then try observing it earlier 





tomorrow night 












The wind may be too strong! 

Solution: |t will not necessarily impact the lignt, but what it may 
do is impact the telescope! Whatever type of telescope you have, 
it has the purpose of collecting light and magnifying it to give a 
Zoomed-in image. A telescope will not only magnify the light, 
but will also magnify any wobbles or shakes in the telescope 
system. If its a Bit blustery then any buffeting of the telescope 
will be magnified. You could try moving the telescope to a place 
where it is more sheltered from the wind, make sure all bolts and 
screws are tight or even upgrade to a more sturdy mount. 


Are you touching 
the mount or 
telescope? 

Solution: J.st like the 
disturbance from the wind, if 
You are touching the telescope 
then this = magnified several 
hundred times - can easily cause 
the image to jump around. The 
solution is simple: stop touching 
the telescope or mount 
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| cannot find the object I am looking for 












What has happened? | can see things through the eyepiece and the image is nice and Me etiea pi em tee) aa 
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sharp, but | cannot line it up on objects | am looking for. 








The finder telescope is not lined up to the main telescope 
Solution: [he finder telescope & a smaller telescope attached to the side of the main 
telescope. On some instruments it may be a laser-pointer finder attached to the main 





instrument, but the function is the same. By lining the finder instrument up on the object you 
are looking for, then the main telescope will also be pointing at it 

[he trick is that the finder must be pointing in the same direction as the main telescope. 
IF it is not, finding things will be a lot harder - if not impossible. To check if this ts the issue, 
during the daytime. point the main telescope at an easily identifiable object like an aerial or 
chimney. Do not use trees because they tend to move in the wind sometimes. Now look 
through the finder telescope 
and adjust the screws holding it in 


place until it too is pointing at the “The trick is that the finder 


object you were looking at 


In the main telescope. Go back must be pointing in the 
“suipontresttemerr Same direction as the 


needs be and then fine-tune 


the finder, main tele SCOP e" 
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Mite) m al ets y 
| cannot see anything through the telescope / _. 


What has happened? The telescope should be lined up on an object and the 
lens cap is off, but | cannot see anything through the eyepiece. 


Your eyes 
Flew els 

ME eerie 
Solution: | he human eye 

is designéd to be adle to see in the 

‘ae ame) a ma) aes e 1B) 8 nce es 
| ae =a) ea 
in the dark. In fact, it Can take up to 40 
Eel eA =e ele eee) 





ar@ fwo ehanges that take place when you 
are. immersed in’ adark environment, Tha iris 
opens Up in just a matter of seconds: this ts 

to allow more“ight to enter the eye. There is 
also a change to the chemicalsin your eyes to 
make therg better at seeing in-the dark, but 


Sek 


this can take quite some time, as Jong as 40 
WE) w]e 


Dae Mee ea ee normally illuminated room, it is quite possible 


Solution: Cloudy skies often thwart the amateur astronomer, but iLis not unusual to be midway through an de ]aa ee = =e [ce = 
observing session only to finch unexpected.clouds appear seemingly from nowhere. | speak from experience darkened environment. Give your eyes time 
ieee ORS mers eee NSS de = mt aa ee eh ers a Mere ee) B) (a MOM UO [ee ee] (eee nce em a 0 am) to adjust and you will be amazed at what you 
the eyepiece. It is worth a'glance upwards to make suré a clump of cloud has not appeared. ‘ars Wet ao 

yr 


The eyepiece is too powerful 
Solution: Changing the eyepieces in the 
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gives you the maximum useful magnification 
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before the image starts to get too dark. To | 
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‘you know? 


The most distant quasar detected, 
ULAS J1342+0928, contains the 
oldest known supermassive 
s black hole in the universe. 4 


What came into existence 
black holes or galaxies? 
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Space agencies 
are always 
looking 

to create 

better space 
analogues in 
unusual Earth- 
based locations 
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the invention of chemistry by the supemovae 
explosions of the first stars and the subsequent 
possibility of biology that followed. 
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formed by a direct collapse of clouds of gas, 
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led to the formation of the first black holes and the 
first supermassive black holes. 

Dr David Sobral is a reader in astrophysics 
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How is exploring caves a good 
analogue for exploring space? 

7 EEE 

Geese iicw vel gel eoM ie mel Ole ee clee Mn emeclar li ee mie melas sie lpia 
Skills, or CAVES, is the best analogue training astronauts have ever participated in. It 
does start with the environment, which offers similar stressors as human spaceflight - 
isolation, confinement, real risk, lack of privacy, reduced communication and resources, 
difficult rescue and so on. 

Both are risky environments, both require safety to be your top priority and situational 
Esse ae CeO Mee aes em nee een ee | 
create a real scientific exploration mission, using mission operations very similar to space 
eels e ae ee kt eel coe elites] ined) tee nee eee nee] ap 
Tela Uae Beltre lp eto afma (elmer [eel (ele) 4 (gl-M bee M i mae |=] ee ele] |e ce man = 
public, but would be laughed at by astronauts. 

CAVES prepares astronauts to become more effective and safe teams by exposing 
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Loredana Bessone is head of analogue field testing and exploration training 
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How does the new 

Artemis spacesuit 

differ from the 

Suits used on the 

Apollo missions? 
ee 


We've been working for a long time to build 
spacesuits that will do the job on the Moon and 
going onto Mars. My job is to take a basketball, 
shape it like a human, keep them alive in harsh 
environments and give them the mobility to do 
their job. One of the things we've looked at is 
trying to reduce the space [around the chest areal, 
make a smaller display control unit and get the 
shoulders to where astronauts have a lot more 
mobility to move. 

The astronaut is now able to do a cross-reach and 
get across the suit, as well as reach overhead, which 
astronauts can't do today and couldn't do in the 
Apollo program. In addition to that, because this is 
the first time we've got to build a suit specifically 
for a planetary exploration mission, we've got a lot 
more mobility in the lower torso. There is a waist 
bearing, three bearings on the legs as well asa 
flexion extension joint at the waist. This gives the 
astronaut a lot of capability to move around and to 
do whatever task they need to do for science and 
maintenance on the planetary surface. 

Amy Foss is an advanced spacesuit 
designer at NASA's Johnson Space 
Center in Houston, Texas 








Right: NASA 
administrator 
Jim Bridenstine 
announced the 
new Artemis 
spacesuit in 
October 2019 
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There are two 
main@ays 
‘of finding 
exoplanets 
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Above: A 
black hole'’s 
intense 
pravity 
alters light 
coming 
towards it 
to create 

a ‘photon 
sphere’ 


Right: 
Astronomers 
have 
observed 
evidence for 
favourable 
conditions 
under the 
Icy crust 

of Europa 
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What is a ‘photon sphere’? 


One hundred years ago, Einstein truly became a 
household name when his theory of relativity was 
first tested and confirmed by experiments. Einstein 
predicted that light passing by a massive object 
should get deflected by gravity, and that this effect 
could even be detected by measuring the apparent 
location of stars near the Sun during a solar 
eclipse. For the Sun, this deflection is less than a 
thousandth of a degree. For a black hole, with its 
much stronger gravitational field, the light ray can 
get bent by 360 degrees or more. 

Imagine shining a laser pointer at a black hole. 
If you point it right at the black hole, the light will 
get swallowed by the horizon. If you point it to the 
side, it will get deflected by the black hole's gravity, 


SOLAR SYSTEM 








but still reach your mend on the other side. But as 
you point the laser closer and closer to the black 
hole's edge, there is a point where the light just 
barely doesn't get captured, but also doesn't escape. 
Instead it just orbits around and around in a perfect 
circle. This is what we call the ‘photon sphere’ of 
a black hole. For non-spinning black holes, the 
photon sphere radius is 50 per cent bigger than the 
horizon radius, but for rapidly rotating black holes, 
the photon sphere snuggles nght up against the 
horizon, allowing light to orbit many times without 
falling in, and without falling out. 

fy) +Dr Jeremy Schnittman is a research 
"=> astrophysicist at NASA's Goddard 

© Space Flight Center, Maryland 





What evidence have we found that supports the 
theory that there could be life on Europa? 
a a 


Jupiter's moon Europa is believed to have a global 
ocean about 20 kilometres (12 miles) beneath its 
icy surface, Evidence includes strange geology, 
including cracks formed by large tides raised 

by Jupiter as Europa orbits. Also, Europa has a 
magnetic field that is likely generated in a salty 
subsurface ocean as the moon orbits through 
Jupiter's powerful magnetic field. 

On Earth, essentially everywhere there is liquid 
water, there is life. Life as we know it requires 
three so-called ‘ingredients’ that might exist at 
Europa. The first ingredient is liquid water, a 
solvent that promotes chemical reactions. Europa’s 
ocean could be Earth-like in its temperature and 
salinity. The second ingredient is the chemical 
elements from which organic molecules are built: 
carbon, hydrogen, nitrogen, oxygen, phosphorous, 
and sulphur. Europa probably formed with these 
elements, 2aining more as comets and asteroics 
impacted the moon through time. The third 
ingredient is energy to power life. On Earth, most 
energy for metabolism comes from sunlight, which 
drives photosynthesis. However, photosynthesis 
can't operate in Europa's ocean, because sunlight 





can't penetrate the thick ice cover. Other Earth 
microorganisms are powered by chemical energy, 
where molecules chemically react to form new 
molecules while storing energy. We need to better 
understand whether Europa’s ocean can support 
life powered by chemosynthesis. Future spacecraft 
exploration can indicate whether Europa’s ocean 
has the three ingredients for life, and therefore 
could be considered potentially habitable. 

| Dr Robert Pappalardo is project 
scientist on NASA's Europa Clipper 
mission, set to launch in 2025 
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Does dust help or - _ 
hinder star formation? 
i a 


Dust has an important role in star formation. It 
protects the molecules in the dense gas from the 
ultraviolet photons emitted by the massive young 
em Legler ema mas) 
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molecular clouds by protecting them. 
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dust is limiting our capability to measure star 
formation. Wheri spectroscopy is not EMI) 
San eRed URS cay very distant galaxies - we 
estimate the amount of stars formed per year in 
a galaxy from the ultraviolet light they emit, since 
it comes mainly from massive short-lived stars. 
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| assistant astronomer at Laboratoire 
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Did 
you know? 


The largest existing submillimetre 
telescope, the James Clerk 
Maxwell Telescope, is located 
on Mauna Kea in Hawaii. 4 e 
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iN ESSENTIAL GUIDES AND ADVICE FOR AMATEUR ASTRONOMERS 
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into the clear winter nights for 
some great views 


Month's planets 
Evening star Venus makes its 
presence known alongside 
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Astrophotos 
PL 
The best of our readers’ 
excellent astrophotography 
The Quadrantids reach 
their peak of 120 
meteors per hour 


Messier 41 is well 
placed for observation 
in Canis Major 
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Our pick of the best books, 
apps, software and accessones 
for astronomy and space fans 


Source: Wikipedia Commons 
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Asteroid 511 Davida is well 
placed for observation 

in Gemini, glowing at 
magnitude 9.6 


The Moon and 
Messier 44 make 
a close approach 
in Cancer 
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Open cluster Messier 
47 is well placed for 
observation in Puppis 
at magnitude 4.4 


2) FSA/Hubble 
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Asteroid 5 Astraea 

is well placed for 
observation in Cancer 
at magnitude 8.9 
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A conjunction is an alignment of objects atthe same ——— This tells you how high an object will rise in the sky. When a celestial body is in line with the Earth and 


celestial longitude. The conjunction of the Moon and —_Like Earth's latitude, Dec measures north and south. ‘Sun. During opposition, an object is visible for the 

the planets is determined with reference to the Sun. It's measured in degrees, arcminutes and arcseconds. whole night, rising at sunset and setting at sunrise. At 
A planet ts in conjunction with the Sun when it and There are 60 arcseconds in an arcminute and there this point in its orbit, the celestial object is closest to 
Earth are aligned on opposite sides of the Sun. are 60 arcminutes in a degree. Earth, making it appear bigger and brighter. 

Right Ascension is to the sky what longitude is to An object's magnitude tells you how bright it When the inner planets, Mercury and Venus, are at 
the surface of the Earth, corresponding to east and appears from Earth. In astronomy, magnitudes are their maximum distance from the Sun. During greatest 
west directions. It is measured in hours, minutes and represented on a numbered scale. The lower the elongation, the inner planets can be observed as 
seconds since, as the Earth rotates on its axis, wesee number, the brighter the object. So, a magnitude of evening stars at greatest eastern elongations and as 
different parts of the sky throughout the night. -lis brighter than an object with a magnitude of +2. morning stars during western elongations. 
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Penumbral lunar eclipse 
is visible from Africa, 
Oceania, Asia, Europe 
and Northern America 
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Spiral galaxy NGC 2403 Conjunction between The Moon and Mars 
is well placed in the Moon and Mars make a close approach, 
Camelopardalis, glowing in Ophiuchus passing within 2°11' of e 
at magnitude 8.9 each other in Ophiuchus 
Naked eye 
Binoculars 
JAN JAN Small telescope 
Conjunction between The Moon and Venus fee era taal aes 
the Moon and Venus make a close approach, Medium telescope 
in Aquarius passing within 3°49' of Large telescope 


each other in Aquarius 
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Date 
3 JAN 
10 JAN 
17 JAN 
24 JAN 
31 JAN 


3 JAN 

10 JAN 
17 JAN 
24 JAN 
31 JAN 


3 JAN 

10 JAN 
17 JAN 
24 JAN 
31 JAN 


3 JAN 

10 JAN 
17 JAN 
24 JAN 
31 JAN 


3 JAN 

10 JAN 
17 JAN 
24 JAN 
31 JAN 


RA 

18h 32m O35 
19h 21m 235 
20h lim 09s 
21h 00m 245 
21h 47m 16s 


21h 18m 28s 
21h 52m 01s 
22h 24m 26s 
22h 55m 50s 
23h 26m 23s 


15h 49m 21s 
16h 09m 00s 


16h 28m 58s 
16h 49m 13s 
17h 09m 44s 


18h 29m 525 
18h 36m 51s 
J8h 43m 46s 
18h 50m 35s 
18h 57m 16s 


19h 32m 19s 
19h 35m 505 
19h 39m 215 
19h 42m 5ls 
19h 46m 18s 


Dec 


-24° 40' 30” 
-24° 02" 02" 
-22° 10" 18" 
19° 02' 59" 
14° 45°53" 


17° 35' 47" 
14° 44' 44" 
1735'09" 
-O8° 11' 28" 


“04° 38°05" 


19° 41°59" 
20° 42°55" 
-21°35'41" 
-22°19' 47" 
-22°54' 41" 


23° 10' 24” 
23° 05' 29" 
22° 59' 28" 
-22° §2' 27" 

22° 44°30" 


21°41 32" 
21° 34°10" 
21° 26' 29" 
21° 18' 34" 
21°10! 28" 





Constellation Mag 


Sagittarius 
Sagittarius 


Capricornus 
Capricornus 
Capricornus 


Capricormus 


Capnicornus 
Aquarius 
Aquarius 
Aquarius 


Libra 
SCOrpius 
Ophiuchus 
Ophiuchus 
Ophiuchus 


Sagittarius 
Sagittarius 
Sagittarius 
Sagittarius 
Sagittarius 


Sagittarius 
Sagittarius 
Sagittarius 
Sagittarius 
Sagittarius 


-1.0 
“1.3 
-|.3 
“ld 

-1.0 


-4.0 
“4.0 
-4.0 
“4. 


1.6 
15 
1.5 
14 
1.4 


“1.8 
-LB 
“1.8 
-1.9 
“1.9 


0.5 
0.5 
0.5 
0.5 
0.6 


y ) che | J | All rise and set times are given in GMT 


Rise 

O7:59 
08:16 
O8:25 
O27 
O8-21 


09:59 
09:48 
09:36 
09:21 

09:06 


4-43 
04-42 
04:40 
04-38 
4:35 


OF 46 
OF:25 
7:04 
06:42 
6:21 


08:39 
08:14 
OF:49 
OF: 24 
06:59 


Set 
15:27 
15:53 
16:28 
17:10 
17:54 


18:59 
19:27 
19:44 
20:05 
20:27 


13:18 

13:04 
12:50 
12:38 
12:27 


15:35 
15:15 
14:55 
14:35 
1415 


16:48 
16:24 
16:01 
15:38 
15:15 








This month's pla 


Evening star Venus makes its presence known alongside Saturn and _ 
Uranus, while early risers can enjoy the rest the Solar System has to offer 
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This month Venus will be a genuinely beautiful It’s ironic that such a beautiful, serene sightisin dazzling sight, juddering slightly as it drops 

sight in the sky after dark. The world often - and reality such a frightening world. Venus, the second slowly through the layers of air churning above 
very wrongly - called ‘Earth's Twin’ will become planet out from the Sun, is like a world invented the horizon. 

Visible very soon after sunset as an eye-catching, for a dystopian science-fiction film. Its atmosphere Cross your fingers for clear evening skies during 
metallic glint high in the south-southwest. As of thick, curdled carbon dioxide would be lethally the last few days of January, because we'll have an 
twilight deepens and the sky darkens it will get poisonous to us, and the incredible pressure on its opportunity to see the crescent Moon gliding past 
brighter and brighter until it looks like a lantern surface would crush us too, Droplets of acid fall Venus, the two objects forming a striking sight 
blazing in the sky, a stunning ‘evening star’ far through its sky, but evaporate in the terrible heat after sunset. On the 27th a fingernail clipping- 
brighter than any of the stars around it and long before reaching the ground. It will not be a thin Moon will shine to Venus’ lower right. The 
brighter than anything else in the whole sky holiday destination any time soon. following evening the Moon, now a slightly wider 
apart from the Moon. Shining at magnitude -4.0 y the end of January, when it will have crescent, Will lie to the left of Venus, just five 

all through the month, Venus will be so bright wandered across Capricorn’s border into Aquarius, degrees from it. On this evening the dark part of 
that not even the ghastly orange glow of light this beautiful but brutally hostile planet will be the Moon's face should be lit by the pale, ghostly 
pollution in a town or city will be able to hide setting more than three hours after the Sun, and lavender-blue glow of ‘Earthshine’, and that should 
it, and if you can get to somewhere truly dark so it will be visible in a dark sky, not just in the be the case on the following evening too, the 29th, 
you'll be amazed by just how bright Venus looks. twilight. Look at it through a pair of binoculars when the Moon will have moved on along its track 
Nothing can compare to it. Of a small telescope at this time anc it will be a to shine to the upper left of Venus. 
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Constellation: Sagittarius 
Magnitude: -1 

AM/PM: PM 

Mercury begins the month too close 
to the 5un to be visible, and by the 

| end of the month will only have 
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moved far enough away from it to 
provide only the most optimistic 
and careful observers with any hope 
of catching sight of it very low in 
the southwest after sunset, to the 
lower right of much brighter Venus. 
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Constellation: Savittarius 

Magnitude: 0.5 

AM/PM: AM 

At the start of the month Satum is 

simply too close to the Sun to be seen 
and it actually gets worse as the 





days pass and it creeps closer to our 
star, and then behind it. By the end 
of January Saturn will have emerged 
from behind the Sun, but will not 
have moved far enough away from it 
to be easily visible. 
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| Constellation: Libra 

| Magnitude: 1.6 

| AM/PM: AM 

| Looking like an orange star among 

| the fainter stars of Libra, at the start 


| of the month Mars rises around 
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four hours before the Sun. It will 
Temain an easy naked-eye object 
throughout the month, creeping 
closer to our star. A waning crescent 
Moon passes Mars in the morming 
sky between 20 and 21 January. 


Constellation: Sagittarius 

Magnitude: -).5 

AM/PM: Ai 

If you enjoy the sight of Jupiter, the 
largest of all the planets in our Solar 
system, blazing hike a blue-white jewel 

in the sky, then I'm afraid this isn't going 
to be a good month for you. At the start 
of January Jupiter 1s too close to the Sun 
to be seen, but as the days pass it will 
slowly pull away from it. Even so, by the 
end of January Jupiter will still be so 
close to the Sun that it will be a challenge 
to find and observe; you might just 
glimpse it incredibly low in the southeast 
before dawn, but only if there are no 
trees, buildings or hills on the horizon 

in that direction. 





Constellation: Arics 

Magnitude: 5.7 

AM/PM: PM 

This is 4a good month to look for and 
observe Uranus in the sky. It will be a 





faint evening star’. At the start of the 


month the seventh planet out from 
the Sun is already high in the south 
as darkness begins to fall, and it will 
remain visible in the sky, arcing from 
east to west, until it sets in the early 
hours of the next morming. 
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Be sure to z00m in 
ee) hm eal 
ieee Les 
- you'll see much 
more detail in and 
around it. 


Finding tlfis lunar crater won't leave you 
howling w 





Many people don't realise that the full 
Moons seen throughout the 12 calendar 
months have names, often rooted in 
nature, These can be traced back to 
before the Julian calendar was followed 
and have ties to the Native Americans. 
For example, May’s full Moon is the 
‘Flower Moor, In November the 
‘Hunter's Moon’ shines over our Bonfire 
Night celebrations and as December 
ends late-night Christmas shoppers 
scurry around looking for last-minute 
gifts beneath the ‘Cold Moor. 

This January, the full Moon that 
Will illuminate our frosty grass and 
Windscreens and the snowmen 
slumping in our gardens is known 
as the "Wolf Moon’, named by Native 
Americans after the mournful howling 
of hungry wolves searching for food 
halfway through winter. Obviously 
wolves are in quite short supply in the 
UK these days, but there is one place 
YOU Can guarantee seeing one this 
month - on the Moon itself. Qur Moon 
Tour destination for January is the 
small crater ‘Wolf’ 

Named after the accomplished 
German astronomer Max Wolf - 
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who discovered several comets and 
supemovae, proved dark nebulae 

were Clouds of interstellar dust and 
discovered no fewer than 248 asteroids 
in his lifetime - Wolf crater is 26 
ldlometres (16 miles) wide and not quite 
a kilometre deep, making it one of the 
smaller craters we've visited on our long 
tour. It lies almest in the centre of Mare 
Nubrm, the ‘sea of clouds) a roughly 
circular dark stain on the Moon which 
can be found to the southeast of the 
much larger Oceanus Procellarum. The 
crater was photographed by the crew 
of Apollo 16 in 1972, which landed in 
the Descartes Highlands region, and 


frustration on cold January nights ‘ 





was Imaged again more recently, but in 
much higher resolution, by the Lunar 
Reconnaissance Orbiter's cameras. 

Although it is small itself, Wolf can 
be found quite easily because it hes 
halfway between two larger, more 
obvious craters: Bulhaldus to its upper 
left and Pitatus to its lower night. Far 
too small to be seen with the naked 
eve and a challenge with a pair of 
binoculars, Wolf sadly looks nothing 
like a wolf. Through a telescope's 
low-power eyepiece it appears as a 
roughly heart-shaped feature. Higher 
magnifications reveal a gap in Wolf's 
southem rim which makes it look more 
like a small vase or the Greek ‘Omega’ 
symbol than a heart. 

Wolf's walls are relatively featureless, 
thicker and wider in some places than 
others, and its floor is dark and flat 
with a short, curved chain of four small 
secondary craters on its western side. 
The most remarkable thing about Wolf 
is probably the bright apron of ejecta 
that spreads out from its sides and 
bottom, like an open cloak. Look at 
that through your telescope's highest 
magnification eyepiece and you'll 


see itis very rugged and hummioctcy, 
spattered with its own small craters. 
It looks like a small part of the lunar 
highlands surrounding the crater. 

5o when can you see this crater for 
yourself? At the start of our observing 
period Wolf is not visible, totally hidden 
in shadow. However, by the evening 
of 4 January the terminator will have 
swept over the crater like a dark 
tsunamu and Wolf will be illuminated 
from the east. ‘This will be a good time 
to look for details and small features 
on its floor and that surrounding ejecta 
apron, as they are lit by the slanting 
rays of the low Sun. Wolf will remain 
fully iuminated between 4 and 18 
January, but by the 19th the terminator 
will have rolled over it again and it will 
have vanished, not to reappear until 
next month. 

While Wolf might not be the most 
strilang or dramatic crater on the Moon, 
it 1s definitely worth a look at through 
your telescope. It's a valuable reminder 
that the Moon has a lot more to offer 
the observer than the ‘celebrity’ 
features like Copernicus, Tycho and 
the Sea of Tranquillity, 
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‘Crisp J anuary nights offer Observers glittering clusters, 
_ Iisty@ebulae and giant stars that @warf ourown Sun 
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Pe! (Beta Orionis) 
Magnitude 0.2 Rigel, a blue 
giant star, is 860 light years . 
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J; Messier 41 3 
Often overlooked because it is so close to dazzlingly — 
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Deep sky challenge, 


The Twinkling Comet * - 
Cluster (NGC 2420) 
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Eskimo Nebula (NGC 2392) 


Sel MLLT 


This spiral galaxy, almost edge-on to us, 1s 200 
million light years away. Measuring just 15 arc 
minutes across and shining at 13th magnitude, it is a 


challenge in even a large telescope. 


Twinkling Comet Cluster (NGC 2420) 

"his &th-magnitude cluster actually looks 
4—J nothing like a comet; it 1s similar to M44, the 
Beehive Cluster - a loose spray of stars in the centre 
of a keystone of four brighter stars. 


> The Eskimo Nebula (NGC 2392) 
,in a large telescope’s high-power eyepiece this 
Sth-maenitude planetary nebula really does 
look like a face surrounded by a hood. Under a dark 
sky youll be able to see mottling within tt. 


NGC 2331 

4,000 light years trom Earth, this sparse open 

cluster is 8th magnitude and a telescope's 
medium-power eyepiece will show it as a loose, 
irregular clump of around 30 suns. 


NGC 2324 
‘, You'll need a large telescope, dark skies and 
high magnification to see this 12th-magnitude 
galaxy. Under perfect conditions you will see hints of 
its tightly wound spiral arms. 


‘%, Dominated by a chain of bright stars that cuts 
— across its centre like a mini Orion's Belt, this 
roughly triangular magnitude &5 cluster is a real 


treat in medium and large telescopes. 
































The New Year has arrived with some of the very best 
night-sky targets, studded in long winter nights 


Whether you just got your first telescope for Christmas or you've long been 
observing, there are some wonderful targets to seek out in the New Year. 

Onion (the Hunter) and Taurus (the Bull) remain prominent in the sky, 
offering splendid sights including red supergiant Betel@euse, bnilhant blue- 
white Rigel the Pleiades star cluster (Messier 45), orange plant Aldebaran 
and, of course, the Crab Nebula (Messier 1) Look southeast and you'll spot a 
celestial Great Dog: a seemingly basic-looking pattern of stars, Camis Major 
features several binary systems and supergiant stars. It’s also home to open 
cluster Messier 41, which contains an impressive collection of red giants 
and white dwarfs, not too far from "Dog Star’ Sirius. 
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This chart is for use at 22:00 (GMT) 
mid-month and is set for 52° latitude. 
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Globular star clusters 

Bright diffuse nebulae 

ET elevate ele El Observer's note: 
The night sky as it appears 


Galaxies on 17 January 2020 at 
approximately 22:00 (GMT) 
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The Northern Hemisphere 


© Wik ALMA 
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. Thor's Helmet (NGC 2359) 
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Dunedin, New Zealand 

“Just over three years ago, a new job meant that | 
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South Island of New Zealand. Since moving here I've 
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displays of the aurora australis, which can look truly spectacular 

against the backdrop of the beautiful New Zealand landscape.” 
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A waxing gibbous Moon 
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Telescope: Celestron NexStar 55E 
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Send your photos to... “> @spaceanswers @ space@spaceanswers.com 
| 


Designed with the beginner or casual astronomer in mind, this tabletop 





telescope is compact, portable and provides good night-sky views 





Telescope 
advice 





Cost: £72/390.75 

From: David Hinds Ltd 
Type: Reflector 

Aperture: 76mm (2.99") 
Focal length: 300mm (12") 


C2 Beginners and 
| Intermediate 
} Small budgets 
© Planetary viewing 
©) Lunar viewing 
wz Deep-sky objects 



















There are several things that novice sky-watchers 
crave when choosing their very first telescope: 
portability, ease of use and a price that's not 
going to break the bank. We're pleased to say that 
the Celestron Cometron FirstScope ticks all of 

the boxes. What's more, this tabletop telescope 
comes with all of the accessories you need for any 
beginner wanting a fuss-free tour of the night sky, 
providing much improved and more comfortable 
views of the planets and lunar surface over the 
naked eye or even binoculars. 

When unpacking the FirstScope, you'll notice 
that it is alreacly preassembled, with only the 5x24 
finderscope needing to be affixed to the telescope 
tube. The FirstScope is supplied with two 
Kellner eyepieces - a lOmm and a 
20mm - and possesses a fast focal 
ratio to provide a wide field of view 
that's ideal for viewing the planets 
and the lunar surface, but also 
allows the user to view wide 
angle star clusters. 

Weighing in at a mere 1.95 
kilograms, the FirstScope is ideal 
for those looking for a prab-and-go 
Instrument, On close inspection of 
the overall build, the finish isn't perfect, 
with traces of glue apparent on the tube. 
Considering what you get for the price though, 
the scope’s plastics aren't glossy and cheap. You'll 
notice that the telescope's base 1s short, meaning 
that you'll need to place it on a table for comfortable 
use. On the plus side though, if you have children 
who have been pestering you for a telescope, 
the Cometron Firstscope is the perfect solution, 
especially given the low price and ease of use. 

With Newtonian designs, the two mirrors within 
the tube should be aligned. Astronomers usually 
achieve this process - known as collimation - 
using thumbscrews to adjust the optical system. 
Unfortunately these aids are only usually on the 
more expensive models, meaning that it was quite 
a task trying to collimate the Cometron FirstScope, 
as the primary mirror isn't adjustable and a 
collimation cap or eyepiece isn't actually included 
with the telescope. 

Early December provided a gaggle of Solar 
System targets including Mars, Venus, Saturn and 
the Moon to test the telescope's optical system. Our 
lunar companion was at 22 per cent illumination, 











meaning that there wasn't too much natural light 
pollution to hinder our views of other targets we 
were keen to observe. With the eyepieces supplied, 
you won't get hugely close-up views of the surface 
of the Moon, but you'll be able to see craters and get 
a feel for the rugged terrain along the terminator. 

Views aren't hugely pin-sharp through the field of 
view, since the focuser tube 1s quite loose, but they 
are sure to delight those who have always wanted 
to get a closer look at the lunar surface without 
straining their eyes. With Venus in the southwest 
and shining at a stunning magnitude of -4.9, we 
turned the scope to the second planet from the Sun. 
As expected, we didn't see a great deal of detail, 
but were treated to a white disc of a bright- 

white ‘star. Meanwhile, the Cometron’s 
\% wide-angle views provided fair 
sights of the Pleiades star cluster, 
also known as Messier 45, in 

the constellation of Taurus. 
Each of the young, hot member 
stars in this open cluster were 
exquisite through the field of 
view, Using the finderscope did 
prove quite cumbersome during 
our observations though, making 
star-hopping quite difficult in light- 
polluted areas - for instance, it failed to 
pick up stars with magnitudes below naked-eye 
visibility - so it makes More sense to use a red-dot 
finder for simpler navigation. 

Waiting until dawn was worthwhile as Jupiter, 
which shone at -1.9, rose in the southeast. While it 
was difficult to spot any details on the gas giant, 
such as its belts and Great Red Spot, the Galilean 
moons - lo, Ganymede, Europa and Callisto - 
appeared as bright spots either side of the king of 
the Solar System's limbs. While the views aren't 
as good as you'd expect through a more dedicated 
scope, they are sure to provide a wow-factor for first- 
time observers, 

If you're looking for a fuss-free piece of 
equipment to compliment your existing telescope, 
we recommend a pair of binoculars. However, if 
you have children who have been bugging you 
for a telescope and you can't quite commit to a 
moderately priced instrument, then the Cometron 
FirstScope may be for you - especially if the lunar 
surface, the planets and casual glances at the night 
sky are of interest. 


Left: An 
alt-azimuth 
design is 
employed, 
allowing for 
simple use so 
that you can 
slip setting 
up and get 
observing 


Left top: The 
FirstScope 
comes 
supplied 
with 1Omm 
and 20mm 
evyepieces 


The 5x24 
finderscope 
should be 
replaced with 
a red-dot 
finder for easy 
navigation 
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Gece omesoOMN sete) Cottage or Millrace Cottage, set in it Slaebeneinrss 
Lake District's Coppermines Valley, for a cosy getaway under the stars - 
courtesy of Coppermines Lake Cottages 
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ere elena TU |e 


faye gO] ee tem e 
Vitale Rema eee a8) ee ee 

a) a eset eel he 
Prize must be taken before 23 March 2020. and 
excludes school holidays. Travel costs not included. 


ae For more details head 





To be in with a chance of winning, all you 
have to do is answer this question: 


A: The Pinwheel Gal 
B: The Orion Nebula 
C: The Cartwheel Galaxy 
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LET COLLIN 
3E YOUR GUIDE TO 
tele Cle 


Must-have books for all astronomy enthusiasts, 
from: beginner to seasoned stargazer. 
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A celebration of our celestial neighbour 
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The latest books, apps, software, tech and 
accessories for space and astronomy fans alike 































Cost: £25.00/539.95 

From: Royal Observatory Greenwich 

Be captivated by 140 winning and shortlisted 

images from the 2019 Insight Investment Astronomy 
Photographer of the Year competition. A showcase of 
the most spectacular space photography of its kind, the 
hardback book ts adorned with breathtaking images 
taken from locations across the globe. Marvel at the 
wonders of the universe captured by the most talented 
astrophotographers, also on display at the National 
Mantime Museum now. 

These awe-inspiring images were submitted in 
several categores: aurorae, skyscapes, people and space, 
our Sun, our Moon, planets, comets and asteroids, 
stars and nebulae, galaxies and a young competitor 
category, with each image accompanied with a caption 
that provides everything you need to know from the 
location, tips from the astrophotographer on capturing 
such a stunning shot and technical details. 


Cost: £7.99/$9.99 

From: Tunes 

Lumines has all of the workings of an excellent 
app, allowing you to point and scan as well as 
identify objects. The app does have some extras 
over other night-sky apps that many users will 
certainly appreciate. This includes a feature that 
allows you to mark targets as you find them in the 
night sky, also recording the date and allowing you 
to add some observer's notes. 

Qver other apps that we've used, there is a lot 
more in the way of objects - inclucing asteroids 
and satellites - among others in the catalogue. A 
feature that we enjoyed in particular was being 
able to ‘hitch a nde’ on a satellite, which allows 
you to observe countries from orbit. You can also 
choose to observe from another world or object in 
the Solar System. 

If you own a telescope or pair of binoculars, you 
can set the feld of view, which makes star hopping 
and locating objects easy - a useful function that 
gets a massive thumbs up from us! 






























Accessories 

Philip's Moon Map 

Cost: £6.99 (approx. $9.20) 

From: Philip's Astronomy 

If you're a keen lunar observer, then this beautifully 
illustrated Philip's Moon Map is one of the most 
detailed lunar guides on the market. Over 500 
craters, mares, mountain ranges, peaks, valleys and 
rilles are labelled, ensuring that you can plan and 
identify features during your observations of the 
nearside of our natural satellite with ease. Philip's 
Moon Map is reasonably priced - especially if you're 
keen to explore the lunar surface as closely as 
possible. It also includes details on the phases along 
with details on its orbit around our planet. 

Using the map has its challenges - being so large, 
it catches even the slightest of breezes, making it 
difficult to use. We recommend pinning it down 
to a garden table using paperweights, which will 
allow for hands-free use. Additionally, being made 
of paper, it's unable to withstand the elements 
sufficiently, which could lead to tearing and damage 
from moisture and general use. Under red light, the 
Map can be read with ease - an important attribute 
for those wanting to use it during their observations 
without ruining their night vision. 


STARGAZER } 
In the shops 
Watch 


Shepherd Watch 

Cost: £500.00 (approx. $658.85) 

From: Royal Observatory Greenwich 

With a design that's based on the world-famous 
24-hour Shepherd Gate Clock - Britain's time 
system, which was originally located at the gates of 
the Royal Observatory and meridian line and the 
first to Show Greenwich Mean Time (GMT) - this 
stunning timekeeper features an Italian leather 
watch strap, sapphire-coated mineral crystal face, 
mineral glass caseback window and wooden 
presentation box, silicon black strap, nylon strap, 
cloth and operating instructions. 

The watch's minute and second hands are 
conventional, while the hour hand makes one 
revolution round the dial once in 24 hours. At 
midday the minute hand points to the top, while 
the hour hand points down on a black-and-white 
dial etched in Roman numerals, set in a black 
stainless steel bezel with black crown. A stunning 
aift for a loved one or yourself. 


“This stunning 
timekeeper features 
an Italian leather 
watch strap" 


He was one of the 
12 lucky astronauts 
to ever touch down 
on Earth's natural 
Satellite, the Moon 


Edgar Mitchell was the sixth person 
to ever step foot on the surface of 
the Moon as part of the Apollo 14 
mission, exploring the Fra Mauro 
highlands along with commander 
Alan Shepard on 5 February 1971. 
This feat pushed the boundaries of 
human exploration at the time, with 
the pair spending more than 33 
hours on the Moon, this including 
the nine-and-a-half hours they 
spent conducting extravehicular 
activities (E VAS). 

Mitchell was born on 17 
September 1930 in Hereford, Texas. 
His early years would later help 
him in becoming an astronaut: 
he was well-educated, graduating 
with a doctorate in aeronautics and 
astronautics from the Massachusetts 
Institute of Technology (MIT) in 
1964, as well as being a US Navy 
member with aviation experience. 

Mitchell recalled in a 1997 
Interview for NASA‘s oral history 
project that it was President 
Kennedy's famous speech in 1962 
that made him become an astronaut: 
"After Kennedy announced the 
Moon programme, that's what I 
wanted, because it was the bear 
foing over the mountain to see 
what he could see, and what could 
you learn, and I've been devoted to 
that, to exploration, education and 
discovery since my earliest years, 
and that's what kept me going.” 

Mitchell was selected as an 
astronaut in 1966, His earlier 
involvements include being part 
of the support crew for Apollo 9 
and backup Lunar Module pilot for 
Apollo 10, He also developed vital 
procedures at Johnson Space Center 
that would save the Apollo 13 crew 
from potential disaster, However, it 
was Apollo 14 that brought Mitchell's 
one and only trip to space, 

Along with commander Alan 
Shepard and Command Module 
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“Mitchell recalled in a 1997 


interview that it was Kennedy's 
famous speech that made him 
become an astronaut” 


pilot Stuart Roosa, Mitchell assumed 
the duties of the Lunar Module pilot, 
spending over a day on the Moon's 
surface and making history. This 
mission saw Shepard and Mitchell 
set records at the time, including 
the longest distance travelled on the 
lunar surface, the largest payload 
delivered and the longest lunar stay. 
They were also the first astronauts 
to transmit colour television back ta 
watchers on Earth. They returned 
with 43 kilograms (94 pounds) of 
lunar rock for further analysis. 

This mission sparked a spiritual 
awakening within Mitchell, and 
this led to him pursuing more 
unorthodox research interests 
after his career with NASA and the 
US Navy. You may be thinking, 
what could be more unorthodox 


than going to the Moon? Well, 
Mitchell's interests soon turned 
to parapsychology - the study of 
inexplicable phenomena - with him 
conducting research into UFOs, 
telepathy and so on. He co-founded 
the Institute of Noetic Sciences in 
1973, and as his second wife Anita 
Mitchell recalled, in the process of 
this she had “met all the nuts, flakes 
and fruits in the whole granola box.” 
Mitchell passed away at West 
Palm Beach in Florida on 4 February 
2016, some 45 years after flying on 
the Apollo 14 mission, and although 
his latter pursuits were largely 
deemed unusual, his efforts in 
Space exploration and his 
motivation to explore beyond 
humanity's confines is something 
to be greatly commended. 
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SKYMAX Maksutov-Cassegrains are 
Conveniently Compact, High-Contrast optical 
instruments that excel for the High-Power 
observation of Double-Stars and the surface 
detail of the Moon and Planets. 
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